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Ram1
Write
Read
Ram1 :  RAM_VHDL
PORT MAP (§RAM.Write.Clk§, 
§RAM.Write.D§, §RAM.Write.A§ ...)
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Func2
In
Func2 :  FUNC2_VHDL
PORT MAP (§Func2.Int§)
Func1
Out
Func1 :  FUNC1_VHDL
PORT MAP (§Func1.Out§)
§Func1.Out§ = Sig1
§Func2.In§ = Sig1
Func2 :  FUNC2_VHDL
PORT MAP (Sig1)
Func1 :  FUNC1_VHDL
PORT MAP (Sig1)
      ﬀﬁA0* ﬃ)%&  !+
vRA9G[C9A9G? 6ﬂQ;HI5EB5+g56BYAH9AQ;R;9AK85HI9G5H9;QA5R;<ﬃHIK56ﬁv+CLG5+K5]Z@AD<ﬂ]ﬁ56ﬃQ;59,cR;9;QXCDDI5
EB_L*Y1:DHFEBS@;59hlﬂ5\5HIS@;9;56cﬂQ;HI5`5H9;59fP:6ﬃ<XCRAEGQ;56Xt,HIEB<ﬃ5`Q;56WV56ﬃY;RA9;Q;59A59fP:6B<E
QAC6EB<B5DDI59,c;Q;R;6ﬃS@`Q;H5EB59`v+CLG59X56ﬃEB5<B\59
i
lﬂHIDQ;OINjO
ARAEﬃZ<ﬃ\DIHS@o]ﬁHI6ﬃQ>? 6%5Q;5
u
6ﬃR;M;M15V:9 :R;<BHI9AK[:LGM1:9;59<ﬃ59>5H9;5GT LGM;DI5LG59<ﬃHI5U
6ﬃR;9AK56ﬃ\5RAK<cQ;HI5Q1C\R8QAH59<cQ1CE,? 6,QAH5EB5ﬁg56BYAH9AQ;R;9AKYA59Ad<ﬃHFK<ﬃ5 HFK91CDLHI<ﬃ<B5DIE,Q;56
K5]ﬁZ@;DI<ﬃ59XTBLMAD5L59<BHI56ﬃR;9AKEﬃEBM;6CS@;58\R`56ﬃ\5RAK59,OA4+56\RXV56ﬃ]ﬁ59;Q;59AQ;5  HFK9ACD<B_M
56KHYA<EBHIS@`CRAEﬁQA5L ^_M`Q;56V56ﬃY;R;9AQ;59;59>P,:6ﬃ<EO
:R;<ﬃH9AK[:LM1:9;59<ﬃ59,cﬂQ;HI5`M;@_;EBH[CDHFEBS@;5  _;EB<ﬃ5LGMA:6ﬃ<E59<B@ACDI<B59,c56B\5RAK59e? 6
Q;HI5EB585HI9;58T LGM;DI5LG59<ﬃH56BRA9AK;cQ;HI5  _;EB<ﬃ5LGMA:6ﬃ<ﬃEﬁHI9`C9AK5LG5EﬃEB59;56ﬁ~o5HIEB58[:9AbAKR;6ﬃH56B<
R;9;Qk\RAEﬃZ<ﬃ\DIHISﬃ@kLGHI<*Q;59o59<ﬃEBM;6ﬃ5S@A59;Q;59 HIK9ACDI59kV56ﬃYAH9;QA5<O4+C9ACS@k[d9A9;59kQ;HI5
5HI9;\5DI9;59kT LGMAD5LG59<ﬃHI56ﬃR;9AKEBYA5E S@A6B5HYAR;9AK59oQA56C[<BHIV59k78:LM1:9;59<ﬃ59kR;9;Qng56ﬃU
Y;HI9;Q;RA9AK59X\R1EBCLGLG59AK5?{C <ﬁ]ﬁ56ﬃQ;59O
TB9Q;59LG5HFEB<B59WrZDID59HIEB<5ECY1569;HS@<ﬂCRAEB6ﬃ5HIS@;59;QcQ;HI5ﬁTBLGM;DI5LG59<BHI56ﬃR;91K59G5HI9;U
?{CS@>C9A5H91C9AQ;56+\R`[5<ﬃ<B59cAEB:9;Q;56B9`Y15EB<ﬃHLGL<ﬃ5^,5HDI5*Q;56 %5]ﬁ5HIDHFK59`T LGM;DI5LG59<ﬃHI5U
6ﬃR;9AK+L EﬃEB59WC9GYA5EB<ﬃHLGL<ﬃ5P:EBH<ﬃH:9;59HI9GQ;56ﬂlﬁ5EBS@;6ﬃ5HIY;R;9AK+QA56
u
5EﬃCL*<ﬃHILMAD5L59;U
<ﬃH56ﬃR;91Kﬁ5HI9AK5KDHI5QA56ﬃ<,]ﬂ56BQA59,O :LR EBHIS@;56K5EB<ﬃ5DDI<,]ﬁ56ﬃQ;59cQAC s+Y %5[<ﬃ5cYA5V:6EBHI5
6ﬃ5?F56ﬃ59;\HI56ﬃ<]ﬁ56ﬃQ;59cACRAS@XQA5[DIC6ﬃHI56ﬃ<R;9;Q`HI9;H<ﬃHFCDHFEBH56B<]RA6BQA59,OApY159AEB:GL EﬃEB59`Q;HI5
 HFK9ACD5W56EB<8QA5[DFC6ﬃHI56ﬃ<*]ﬂ56ﬃQ;59,c,YA5V:6 Y156EBHI5Wg56BYAH9;QAR;9AK59k@;56K5EB<B5DDI<*]ﬂ56ﬃQA59
[d9A9;59,O
JR1EXQAH5EB5L
u
6ﬃR;9;QwY15EB<B5@<`Q;HI5 XdKDIHS@;[5HI<c+^,5HID5kQA56`TBLGM;D5LG59<BHI56ﬃR;9AKEBY15U
EBS@;6ﬃ5HIY;R;9AK8Q;56ﬁ7+:LGMA:9;59<ﬃ595KL59<B59GHI9;9A56ﬃ@ACDYGQ;56ﬂlﬂ5E S@A6B5HY;RA9AK+QA56
u
5EﬃCLGU
<ﬃHLGM;DI5LG59<ﬃHI56ﬃR;9AK\R;\R;:6BQA9;59,O
4+HI5EB5XAR;:6BQA9R;9AKX56ﬃ?I:DFK<8QACQ;R;6ﬃS@,c,QAC QA5L %5]ﬁ5HIDHFK59ﬂ:Q;5?F6CKLG59<*5HI9 5KU
LG59<EB5D5[<B:6XV:6ﬃC9AK5EB<ﬃ5DID<X]HI6ﬃQ,O4+56 ﬂ:Q;5oY;HIEX\R;L 91ZS@1E <ﬃ59  5KLG59<EB5DI5[<B:6
]H6ﬃQGQAC9;9HI9Q1CE59<ﬃEBM;6ﬃ5S@A59;Q;5  5KLG59<Q;56
u
5EﬃCL*<ﬃYA5EBSﬃ@A6ﬃ5HYAR;9AK+5HI9AK5? K<OlﬂHIDIQ
AON7\5HFK<@;H56B\R*5HI9lﬁ5HIEBMAH5D c]ﬂ:Y15H;CDIE,TBLGM;D5L59<BHI56ﬃR;9AKEﬃEBM;6CS@;5kV56ﬃ]ﬂ59;Q;5<
]H6ﬃQ,O
r 6ﬁ5HI9;HFK5  _;EB<ﬃ5LG5HI9;@;5HI<ﬃ59WL EﬃEB59W9;:S@X]ﬂ5HI<ﬃ56ﬃ587+:9;bAKR;6C<ﬃH:9AEﬃEBS@;6ﬃHI<B<ﬃ5+HILGM;DI5U
LG59<ﬃH56B<W]ﬂ56ﬃQ;59,Oﬂ4+H5EB5`78:9AbAKR;6C<ﬃHI:91EBH9A?I:6ﬃLWC<BHI:9n[C9;9eH9eQ;59eL5HIEB<ﬃ59frZDIDI59
     ".  ﬃ /B+ﬃﬁﬀﬂﬃB!#"% 2%"%!+  
Func2
In
§$%Includes§$%
#include "func2_class.h"
§$%Globals§$%
 FUNC2_CLASS    func2;
$%&Connect§$%
func2.Source = &§Func1.Out§;
Func1
Out
§$%Includes§$%
#include "func1_class.h"
§$%Globals§$%
 FUNC1_CLASS    func1;
$%&Connect§$%
func1.Dest = &§Func1.Out§;
§$%Include§$%
#include "porttype_data.h"
§$%Signals§$%
PORTYPE_DATA sig1;
/**** Includes ****/
#include "func1_class.h"
#include "func2_class.h"
#include "porttype_data.h" 
/**** Signals ****/
PORTYPE_DATA sig1; 
/**** Globals ****/
FUNC1_CLASS    func1; 
FUNC2_CLASS    func2; 
void connect()
{
 /**** Connect ***/
 func1.Dest = &sig1;
 func2.Source = &sig1;
}
main()
{ 
 conect();
 start();
}
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- Bestimmen der Porttypen
- Verbindungen verlegen
Implementierung für Systemeinheiten
Inatialisierungsfunktion 
Implementierung der Komponenten
Auswahl des Zielsystems
Verbindungen 
auflösen
Umwandlung durch externe Compiler
z.B. C++, VHDL, CHDL
automatisierte Umsetzungsschritte
Problembeschreibung mittels aktiver 
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Programmiersystem
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Implementierung der Module
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Implementierung
Problembeschreibung mittels aktiver 
Komponenten
Implementierung
manuelle Tätigkeiten automatisierte Tätigkeiten
  X   1ﬀﬂ ;ﬃ/ %"% *$  B $G
'" *ﬂ/  ﬃB2$
+
 $,ﬁXﬃ
'" *ﬂ/ 2
B2$ﬂ!8 " $ ". % &!3& ".
+
/ 8$ﬃ'"%,
9 :% $	ﬂ	   ﬀ
pﬂEG[:9;9<ﬃ5>K5\5HFK<G]ﬂ56BQA59,cﬂQAC LGH<ﬃ<ﬃ5DFEGC[<ﬃHV56X7+:LGMA:9;59<ﬃ59ft,dEBRA9AKEBY15EBS@;6ﬃ5HIU
Y;R;91K59nCR;?@;:@;56GJYAEB<ﬃ6C[<ﬃHI:91EB5YA59A5W56EB<B5DDI<]ﬂ56ﬃQ;59kR;9;QkQAR;6ﬃS@kQ;59nV:6K5EB<B5DDIU
<ﬃ59zLWEB5<ﬃ\R;91KEBM;6ﬃ:\5 CR;?;V56EBS@;HI5Q;59@;5<ﬃ56ﬃ:K59  _;EB<B5LG59*HILGM;D5LG59<BHI56ﬃ<]ﬂ56ﬃQA59
[d9A9;59,O
m56BV:6ﬃ\R;@;5YA59WHIEB<ﬂ@;HI56ﬃYA5H cQAC J+YAEB<B6C[<ﬃH:9AEB5Y159;59WY;HFE @AH9W\R;6ﬂQ;:LWZ9A59AEBM15\HIb;U
EBS@;59>pYA59;5*56ﬃ6ﬃ5HS@Y1C6+EBHI9;QXRA9;QXQ;:LWZ9;59AEBM15\HIbAEBS@;5GsM;<ﬃHLGHI56ﬃR;9AK59`R;9<ﬃ56EB< <ﬃ\<
]ﬁ56ﬃQ;59,O4+H5G56ﬃEB<ﬃ5DID<ﬃ5Wlﬁ5EBS@;6ﬃ5HYAR;9AKXHFE <*]ﬁ5HI<ﬃK5@;59;Qo:@;9;5
 
9;Q;56ﬃR;91KXCR;?ﬁV56EBS@;HI5U
Q;59A5XAHI5DFEB_;E <ﬃ5LG5 Y156ﬃ<B6CKYAC6*R;9;QnK5EB<C<B<ﬃ5<*QAH5XP6ﬃ:K6CLLGHI56ﬃR;9AK`Q;5EK5EﬃCL<ﬃ59
AH5DIEB_;EB<ﬃ5LWEO
TB9`lﬂHIDQ;OaN+]HI6ﬃQXQ;56[DFCEﬃEBHFEBS@;5*p9< ]RA6B?{EB\_[DIRAE
i
EBH5@A5*JYAEBS@;9AH<ﬃ<+aOaj\RA6P6ﬃ:U
K6ﬃCLGLGHI56ﬃR;9AK@;5<B56ﬃ:K59;56 _;EB<B5L5*Q;5Lp9< ]R;6ﬃ?{EB\_[DR1EﬁLGH<+C[<ﬃHV59>7+:LGMA:9;59;U
  ﬁ;B!8!+ﬀ B 	 
<B59oK5K59 Y156K5EB<B5DDI<O,mH56ﬃCRAE+DIZ <8EBHIS@>56B[59A9;59,c1QAC EBHS@>Y15HQ;56*gC6ﬃHIC9<ﬃ5*LGHI<
C[<ﬃHIV59k78:LGM1:9;59<ﬃ59kQ;56Gp9<B]R;6ﬃ?{EB\_[DR1E8Q;5R;<BDIHIS@oV56ﬃ5HI9;?{CS@<c]ﬁCE*@ACRAM;<EﬃZS@;U
DHIS@oQ1CQAR;6ﬃS@o56B6ﬃ5HIS@<*]H6ﬃQ,c,Q1C 9R;6*9;:S@k5HI9;5Xlﬂ5EBS@;6ﬃ5HIY;R;9AKEﬃEBM;6CS@;5WV:9nvd<B59
HIEB<R;9;Q`Q;HI5  _;EB<ﬃ5LWCY;Y;HIDQAR;9AKV:DIDFEB<ﬃZ9;QAHIKGCR;<ﬃ:LWC<ﬃHIEBHI56ﬃ<HIEB<O
4+R;6ﬃS@WQ;HI5*pHI9;? @A6ﬃR;9AK*V:9`P:6ﬃ<ﬃ< _M159,cQ;HI58EB:]ﬂ:@;D1Q;HI5+\RW<ﬃ6ﬃC9AEBM1:6B<ﬃHI56ﬃ59;Q;59X48CU
<B59cACDFECR;S@`Q;H5*V56ﬃ]ﬂ59AQ;5<ﬃ59`78:LGLR;9;HI[C<ﬃHI:9AEBV56ﬃ?{C@;6ﬃ59X5H91E S@ADHI5 59,cAEBHI9;QX]ﬁ5HI<BU
6B5HS@;59;Q;5  S@;9;HI<ﬃ<ﬃEB<ﬃ5DID59 YA56ﬃM;6 ?IRA9AK59`LGdKDHIS@,c1EB:WQAC ]ﬁ5H<K5@;59AQ>EBHIS@;56K5EB<ﬃ5DDI<
]ﬂ56ﬃQ;59X[C9;9cQAC Q;HI5  S@;9AH<ﬃ<EB<B5DIDI59XQ;5678:LM1:9;59<ﬃ59`K5LWZ HI@;6ﬃ56  M15\HIb;[C<ﬃHI:9
C91K5EB<ﬃ5RA56ﬃ<]ﬁ56ﬃQ;59O4+HI5E? @;6ﬃ<G\Re5HI9;56GQ;5RA<BDIHISﬃ@A59 5Q;RA[<ﬃHI:9nQ;56GM1:<B59<ﬃHI5DID59
r5@;DI56 R;5DID59O
~hZ@A6ﬃ59;Q8YAHIEB@;561QAH5ﬂM;6ﬃH9A\HMAH5DIDI5ﬂJ9]ﬁ59;Q;Y1C6ﬃ[5HI<1QAH5EB5E,J9AEﬃC<B\5E1HLwg:6ﬃQ;56ﬃK6ﬃR;9;Q
EB<ﬃC9;Q,cDIH5K<ﬂH9WQ;59G?F:DIK59AQ;59W7*CMAH<ﬃ5DI9GQ;56 S@]ﬁ56ﬃM;R;9;[<ﬂQAC6CR;?Bc]HI5Q;HI5EB56ﬁJ9AEﬃC<B\
5 G\H59<R;LWK5EB5<ﬃ\<]ﬂ56ﬃQ;59[C9;9,c]ﬂ:Y15HY15EB:9;Q;56Er;6CK59\RA6P:6B<CY;HIDHI<Z<R;9;QQA56
5 G\H59<B59`4+5b;9;HI<ﬃH:9XV:9`C[<ﬃHV59>7+:LM1:9;59<ﬃ59XY15@AC9;QA5D<]ﬁ56ﬃQ;59,O
	  2%"%!+  
8Yhuhlqidfkxqj ghv Hqwzxuiv dnwlyhu
Nrpsrqhqwhq
zLLGdKDIHS@AEB< ;5HY;DI5RA9;Q>R;9AHV56EB5DID5H9AEB5<B\Y1C6ﬃ5WC[<ﬃHIV5W7+:LM1:9;59<ﬃ59>\R>56ﬃ@ACDU
<B59cL EﬃEB59Q;HI5EB5ﬂLGdKDHIS@AEB<VHI5D5ﬁV56E S@AH5QA59;57+:LLR;9AH[C<ﬃHI:91EBL5S@AC9;HIEBLG59R;9;Q
T LGM;DI5LG59<ﬃH56ﬃRA9AKE VC6BHFC9<B59`Y156ﬃ5HI<ﬃEB<ﬃ5DID59,O14+H5Gp6EB<B5DDIR;9AKWQ;56+@AH56ﬃ\R>9;:<B]ﬂ59AQ;HIK59
7+:LGMA:9;59<ﬃ59;HILGM;DI5LG59<ﬃH56ﬃR;91K59eRA9;QfQ;H5o4+5b;9AH<ﬃH:9fQ;5EX7+:9;bAKR;6C<BHI:9AEB]HIEﬃEB591E
[d9;9A59WEBS@;9;5DD1EB5@;6ﬁCR;?F]ﬂ59AQ;HFK+]ﬁ56ﬃQ;59OTBLxV:6ﬃDHI5K59;Q;59W78CM;HI<B5DAEB:DID59W5H9AHIK5+g56BU
?FC@;6ﬃ59`QAC6K5E <ﬃ5DIDI<ﬁ]ﬁ56ﬃQ;59cQAH5*Q;H5EB59`PR;9A[<B59ﬁ5Sﬃ@A9R;9AK<ﬃ6CK59,O
     "  		ﬂﬀ$

5Q;5GC[<ﬃHV5G7+:LGMA:9;59<ﬃ5L*R H9>QA568tCK5GEB5HI9,cAQ;HI5R;9<ﬃ56ﬃEB< <ﬃ\<ﬃ59oP:6ﬃ<ﬃ< _M159>? 6
CDIDI5XV:9nHI@;6WYA56ﬃ5HI<K5E <ﬃ5DIDI<B59fP:6B<EY15EB<ﬃHLGLG59e\Re[d9A9;59,Oﬂ4+HI5E]HI6ﬃQnHI9e5HI9;HIK59
rZDID59XQ1CQAR;6ﬃS@W56ﬃEBS@]ﬁ56ﬃ<c;QAC \R;6T LGM;DI5LG59<ﬃHI56ﬃR;9AK*5H9A5678:LGM1:9A59<B585HI9;5*g56BU
[5<B<ﬃR;9AKXC9;Q;56ﬃ56*78:LGM1:9A59<ﬃ59>5HI9AK5EB5<ﬃ\<8]ﬂ56ﬃQ;59>[C9;9,O,zL9R;9oQ;H5Wr6CK5 Y156
Q;H5+R;9<ﬃ56EB< <B\<B59XP:6ﬃ<ﬃ< _M159WYA5C9< ]ﬁ:6ﬃ<B59W\RW[d9;9A59,cL <B59GTB9;?F:6ﬃLWC<BHI:9;59 Y156
Q;H5XV:9kQA59k\R;6TBLGM;D5L59<BHI56ﬃR;9AK`V56ﬃ]ﬂ59;Q;5<ﬃ59nC[<ﬃHV59e7+:LGMA:9;59<ﬃ59k56ﬃLGHI<B<ﬃ5DI<
R;9;Q %5*9ACS@>J6ﬃ<ﬁHI@;6ﬃ56+g56EBS@ACDI<BRA9AKGCR1EﬃK5]ﬁ56ﬃ<ﬃ5<]ﬂ56ﬃQ;59,OAmH56ﬃY15H,DICEﬃEB59`EBHIS@X\]ﬁ5H
]ﬂ5EB59<ﬃDIHS@A5*rZDIDI58R;9<ﬃ56EBS@;5HIQ;59
i
lﬂHIDIQ  ONjO
AK 20
A
AK 2
A
B
B
?AK 3
A B
C
AK10
A
AK 2
A
B
B
AK 3
A B
C
AK 4
A
C
B
 
	   ﬁﬀﬃﬂ ﬃ!"ﬀﬃ "#$%!&%"'( !))%*+&#,&#)-
  	 ﬁﬀﬃ "
	#ﬂﬁ  ﬂ#ﬀ "'( !ﬁﬀ *+&#&##)-
ﬁﬀ
ﬃﬂ! #"$%&"ﬁﬀ('# )*,+-ﬃ
./(01
$2ﬀ
435$%6/$ﬁﬀ
ﬃ
7&&0 89
7ﬁﬀ
:0"
&ﬀ
ﬁﬀ
ﬃﬂ; #"$%&"ﬁﬀ<
6//1/
ﬀ=>'-&?*;@&ﬃ900<+-/<ﬁ7&A/
BC/6 8&-D#ﬁﬀ
E$%&Eﬁﬀ
4
6//1/
ﬀFﬁ&#
BCﬃ6CG1ﬀﬂG8&65=
D-$Hﬁ7;7I:@/ﬃ1;J>K6/6ﬃﬃ#1/ﬁﬂE6ﬃ6/#1ﬀ
ﬃ$$27&0AL>E
ﬀﬀMﬁ%&&7
I:@N
O
@
QP7RS&CF#+-ﬃ
R91,T>
O
@
R&<T>E
8/$%6/$ﬁﬀ
ﬃ7&&0!ﬃ90
O
@
ﬀ=
U-/
8&ﬁS&2 AE$%9E&ﬁﬀ2D-ﬁﬀ

E$%&Eﬁﬀ2@ﬃ&P7&0
O
0ﬀ>7/89Sﬀ
/0ﬀ

T>
8/&7&02@:01ﬀ6/6/ﬀ>V
C=W#ﬃ-D-ﬁﬀE$%&Eﬁﬀ
27T>
8/7&&0V
N
4/I
@ﬁﬀ/$%6/$ﬁﬀ/
ﬀFV1@&6/8;/1A AE$%9E&ﬁﬀ46/1ﬂﬁ/
ﬀ7&6ﬃ6/A AE$%9E&ﬁﬀ

7(/T>8&ﬃ&7&0,6G1ﬂﬁ/ﬀ
76/6/T>8&ﬃ&7&0(8&PﬃI:@&ﬀ-V
C=
3@
/0ﬁﬀ
6/ﬃI:@2J7ﬁﬀ
/E(891ﬀ@ﬁﬀ-&/CF&ﬃ21ﬀ
ﬃ$$27&0#L>Eﬀ
ﬀMﬁ%&(P7(
N
6/ﬃI:@ﬁﬀ

C=ﬁW#ﬃ1XV-/
&7
I:@
/I:@ﬁﬀF& 8&&1ﬀ
ﬃ$$27&0A1L>E
ﬀﬀMﬁ%&1X/1
L>E
ﬀ:1F 89X/-ﬂﬁ/ﬀ
76ﬃ6/#W-EV-NYEIﬀ
/Eﬂ
87&G1ﬀF&ﬃ#Z-
O
:0-/
ﬂ
87&47ﬁﬀ
0E
ﬀ( #E$%&Eﬁﬀ
;V/ﬀ
:06//ﬀ
ﬀV-/
C=T-ﬃ
ﬀ
76/6ﬃ[9ﬂ6/N
YEIﬀ
/E91#V

O
A/L>E
ﬀﬀMﬁ%8&1ﬀ/$$7&&0;V-ﬃ;0VS@&6ﬃ/I:@;T>
8/7&&0
0@&@98&ﬀ=
LCE
ﬀ
ﬀ5Mﬁ%891ﬀ
ﬃ$$27&0#ﬂE;Z# 2)*= Z!V-ﬃ
;6/1EA&ﬃ#Z-
O
:0#;LCE
ﬀZ# 2?= Z
Vﬃﬀ
:06/ﬃﬀ
ﬀ=ZA ?891ﬀ
ﬃ$$2ﬀ>9&2/$S06/ﬃI:@&BXMﬁ%9
O
Z# 2?=  89Xﬃ#T>
N
8/7&&0$ﬃﬀAZ# A\=9]Xﬁﬀ:1%
I:@&1#0ﬃ6/ﬀ
O
#/2L>E
ﬀ
1#ZA 2)*ﬁ= ^7&,Z)*= Y#=9Z# )*
$27 6G1Eﬃ&AVﬃﬀ

J7&ﬁﬀ/E&6ﬃ/ﬀ:Kﬀ-P7&#LCE
ﬀﬀMﬁ%891ﬀ/$$7&&028&/ﬀ:1ﬀ6ﬃ6/C=
_
@&6/ﬃI:@!ﬂ@9K6/ﬀ1;1ﬃI:@!8&#Z# 2?*ﬁ=U-/G1ﬀ;8&P7.89 I:1/I
@ﬁﬀ
G0CFX& /
L>E
ﬀ:1;Z# ?ﬁ= `7&^Z# aﬁ= `/I:@ﬁﬀ;ﬂ8&7^1/!7&^1E$ﬃﬀ;
bBXMﬁ%9^ﬃI:@ﬁﬀ
7$/ﬀ
ﬀ6/8&8&1ﬀ
/$2$2ﬀXV
SC=BC
/ﬀﬀﬁ7/#Z-
O
:0
O
/1#L>E
ﬀ:17
O
F
V-ﬃ
!1/(!Z# 2?*,Vﬃﬀ
:06//ﬀﬀ=W#<Z# 2?* 89; #&ﬁﬀG1
14]XG0&1I:@&
O
ﬀ

35$%&6ﬃ$ﬁﬀ
/
7&0,12ﬂ
/86/!BCﬃ6G12ﬂ
O
0ﬀF>&.17&I:@.ﬃ4ﬂE./1$
35$%6/$ﬁﬀ
/
7&01ﬀﬃ67ﬁﬀ
:1ﬀ ﬀ
PﬀL>E
ﬀ
ﬀ5Mﬁ%9
O
X/-T>8&ﬃ&7&0P72&L>Eﬀ:1
Z# ?ﬁ= !7&(Z# aﬁ= !
$/ﬀﬀ
6/C=
Z# 2?*$;I:@ﬁﬀ-6G1E2ﬁ7#Z-&08& 8&-L>E
ﬀ
1F/1ﬃA&7
I:@4ﬃ&16/8&1ﬀ-0/
ﬀ

35$%6/$ﬁﬀ
/
7&0<&1ﬀ
7
ﬀ7!$27 /I:@ﬁﬀ 8&&ﬃ(ﬂE!.P735$%6/$ﬁﬀ
/N

7&04ﬂV&ﬀ
c #E$%&Eﬁﬀ
<7ﬁﬀ
:1ﬀ ﬀ
PcL>E
ﬀ
ﬀ5Mﬁ%ﬁﬂ
Gﬁﬀ
</
O
E$/
ﬀ1/C=
W#ﬃ1-@&ﬀ-&(P7&1
KﬀP6ﬃ/I:@,T>E
ﬀ
ﬃ65F9 8&>ﬃ&#]X
Vﬃﬀ

7902AJC6/dﬁ/8/6ﬃ/ﬀ:Kﬀ#
O
-/A35$%6/$ﬁﬀ
ﬃ7&&0ﬂ
Vﬀ, #E$2%9Eﬁﬀ
4/A/$%6ﬃ$2ﬁﬀ/
ﬀ
 #E$%&EN
ﬁﬀ
A&ﬂE(%
Ee&ﬀ/
ﬀFE@A9 4/@
_

790(ﬂE
P7&@$(1/C=&D-$f/
90 6ﬃﬀ
G0(35$%&6ﬃ$ﬁﬀ
/
7&0<P7!
P7&0CF$7 /( AE$%9E&ﬁﬀ
4/@
(ﬂﬁﬃ
ﬀ
76/6/
1ﬀ:ﬀ
/6ﬃﬃ(6/]X/@ﬃﬀ
47&$V-6/C=
ghGi jk>lmﬁn>o-nCp-mq&l
35r2st/u1uvQZ-8&1I:@r&tﬃw
wX1E6/6ﬁu1C@&x7y&w
1
KI:@6/tﬃI:@2s&xz7&vQ0u@urCFst/uU#xrs&@&x87r&0-{uz:1I:@t/uN
sur&uz>|#Evv27rt/}xw
tﬃEr&1{uz
O
x@&zurAP7A{uz
ut/r@ut/w
6ﬃt/I:@ur7r&sAs&xvt/wCst/uD-rﬁw
uz:1w w
P7r&0
st/u1uzX|#Evv27rt/}xw
tﬃEr&1{xz
tGxrﬁw
ur2s7z
I:@s&tﬃu-|#Evy&Erurﬁw
urP7{uz
ut/r
O
xI:@&urC=U-t/uz
P7
Vuz
sur<P7uz:1wAs&tﬃu;]XtG0ur91I:@&x
O
w
ur<suzL>Ez
w
w5Mﬁy9ur<}ﬁ6/x1
1tﬃe&Pt/uz
wA7rs<t/r,{uz:1I:@t/usuru
~
z7&yy&ur;ut/r&0uwutﬃ6/w=Z-7&1
0u@urs;@t/uz
{Er;Vuz
sur4(uw
@Eﬁsur;uz
v2t/w
wu6ﬃwFs&tﬃu#u1uz
6Gx7N
8&urCF&-8&uz:0Kr&0uAPV-tG1I:@ur4s&ur4{uz:1I:@t/usur&ur(BMﬁy&ur(@uz
P7&1w
u6/6ﬃurC=
  	
	
  
Data
NV
RD
Clock1
Data
NV
RD
Clock2
?
   ﬁﬀﬂﬃﬃ ! "#
$ !&%(') *,+.-!&%.'/ﬀﬂﬃ0!	!#
!01ﬁ,!&2	
,
43ﬁ!! )ﬁ ,+-5	!
6
,'!	!#
!872"#
9 !#
,*(+.- !
W-t/u#{Er;ut/ruz-x}ﬁw
tﬃ{ur(|#Evy&Erurﬁw
u:rﬁwuz.;w w
P	<&xz
ur(LCEz
wwMﬁy&ur>=Gx;.;ur?;tﬃI:@4tﬃr4{uzN
;I
@&tﬃusuru
~
z.:y&y&ur(utﬃrﬁw
ut@=/urA
B
|AEvv5:rt/}xw
tﬃEr/;{uz
O
x@z
ur4vt/wDC=/ut/I:@uvFEHGx;t@;N(IWAxw
urﬁwMﬁy
J
BMﬁy&ur2vt/wKC=ﬃutﬃI:@uvQ<9uz
wz:xC:&r/C;{uz
O
x@z
urx<&uzK:rﬁw
uz;I:@tﬃus0=ﬃt/I:@uz)LuN
x=/t@;t/uz.:r/C
J
BMﬁy&ur(vtﬃwDC=/utﬃI:@&urNMw
u	:uz(:&r/C;v2SﬁC=/tﬃI:@}ut/w
ur
J
BMﬁy&ur(vtﬃw-{uz;I:@t/usur&urNMw
u	:uz(:&r/C;v2SﬁC=/tﬃI:@}ut/w
ur
B
D-rﬁw
uz;I:@t/us0=/tﬃI:@&uWAxw
urﬁwMﬁy&ur
J
C=/utﬃI:@&uzDGx;t@;wMﬁyCF/C=/ut/I:@uzO<uz
w
u	<&uz
ut/I:@CF&x<&uz#xrs&uz
u;-JEzv;xw
J
C=/utﬃI:@&uzDGx;t@;wMﬁyCF0:rﬁwuz.;I:@&tﬃus/=ﬃt/I:@uzO<uz
w
u	<&uzutﬃI:@
J
:rﬁw
uz;I:@t/us0=/t/I
@&uzDGx;t@;wMﬁy
W#tﬃu2uz;wu
~
z.:y&y&u5<t=/sur,L>Ez
w
w5Mﬁy9urCF/<9ut>surur <9uz
wz:xCur,WAxwur(surPC=ﬃut/I:@ur
BXMﬁy<x:
O
Vut@;urN:rsP;t/I:@P;5Evt/wD=/ustQC=ﬃt/I:@,s0:z
I:@,s&x;#{uzVurs&uwu|AEv2v5:rt/}xw
t/Er2;5N
{uz
O
x@z
ur?:rﬁw
uz;I:@ut/surR&W#t/uAP:><9uw
z:xI:@ﬁw
urs&ur(]XtQCur/;I:@&x
O
w
ur(su;-|AEvv5:rt/}xw
tﬃN
Er2;5{uz
O
x@z
ur/;;t/rs4@t/uz.<&utCs&x;-<&uz
w
z:xC:r2C;{uz
@&x=/wur>:&rs4st/u5Mw
u	:uz
vSﬁC=ﬃt/I:@}utﬃN
wur>Fﬁs&tﬃus0:z
I:@4s9x;{uz
Vursuwu2L>z
Ew
E}E==<9uz
ut/w.Cu;w
u	=@=ﬃw-Vuz
surR
WAx;<&uzw
z:xC:&r/C;{uz
@&x=/wurS:&v
O
x w2st/u>Guz
utﬃI:@&u;s&u;2|#Evv5:rt/}xw
tﬃEr/;{uz
@&x=ﬃN
wur2;Fﬁs&tﬃuAs&tﬃu2Z-zw:r&s>O<utQ;uAsuz#WAxwur <&uz
w
z:xC:r2C
O
u;w.=/uCurR&U-tﬃuzP:?Cu@Szur>:rN
wuz;xr&suz
uv ]XtQCur/;I:@&x
O
wur.V-tﬃu4y&xz:x=@=/u	=ﬃuﬁFK;5uzt/u	=@=/uF<0=/EﬁI
}Ez
tﬃurw
t/uz
wuﬁF>w
x}ﬁw;MﬁrI:@z
EN
ruFﬁx;MﬁrI:@z
Eru#<9uz
w
z
xC:r/C0RﬁW#tﬃu8Mw
u	:uz.:r2C;vSﬁC=ﬃt/I:@}ut/wur@t/r/CuCur>Cu<&ur4xrCFtﬃr
Vu	=/I:@uzDO<ut@;ux:
O
sur<Z<0=Gx:
O
suzAWAxwur <&uzw
z:xC:r2C;]Xtﬃr/T0: CurEvvur(Vuz
sur
}xrrR9U-tﬃuz
P	:NCu@Sz
ur(st/u2Z-z
w:rs?O<utQ;usuz8U:&x=/tﬃePtﬃuz.:r2C2suzAWAxw
urCF&st/u(SﬁCN
=ﬃt/I:@}ut/wF>st/u4WAxwur <&uz
w
z:xC:r2C(xrP:@&x=ﬃw
ur>F>x<9uzx:&I:@CF>E<.utﬃr!BCz:xr2;
O
uz2{Ercs&uz
W#xw
ur0Vﬁ:u==/uAEﬁsuz#W#xw
ur/;ur}utﬃrt/w
tﬃt/uz
w-V-tﬃz
sR
]Xt/ru(]Xz;wu,|D=Gx;.;u4{Er!L>Ezw
w5Mﬁy9urW=GK w&;t/I:@.s&xs0:&zI:@^x<2Cz
urPurCFXs&x ;5t/u4PVxz
<&uzC=/ut/I:@uA<9uz
wz:xC:r/C;{uz
O
x@z
ur>:rsNMw
u	:uz
vSﬁC=/t/I:@}utﬃw
ur4{uz
O
Cur>Fﬁ;t/I:@4x<9uz
surr&EﬁI
@4tﬃr;suz}Er}ﬁz
uw
urX5vy0=/uvurﬁw
t/uz.:r/Csu;|#Evv8:&rtﬃ}xwt/r/;{uz
O
x@&zur/;):rﬁwuzN
;I
@&ut/surR0X5rNGt@=ﬃsPYRZt@;w-ut/r?;E=/I:@uz#J&x==Cs&xzCu;wu	=@=/w	R
    .(! +.- !D.*!#
4') *K" 
$
6
.)ﬀﬂﬃﬁ!	!#
!
Data
NV
Inhibit
Data
NV
RD
Clock
?
 N  /ﬀﬂﬃDﬃD ! "	#
$ !>%.') *(+.-!>24
*		  +.-
K 	!*(+.- 
$!ﬁD !#
,*(+.- ﬁ  +.-
,ﬃDﬁ 	ﬃ	! 
  ( !
]);-Vuz
sur,PVutX|#Evy&Erurﬁw
urPCuPutQCwF&st/u uVut@=@; <&uz#utﬃrur,L>Ez
wAWAxwur<x:/;N
w:x:2;I
@&ur ;E=@=/urRW#uz;L>Ez
wwMﬁy.{uz
Vursuw@t/uz
P	:!sz
ut-w:x}w;MﬁrI:@z
Eru,D-rﬁw
uz
y&Ez
w.;	R
WAxw:xAst/urﬁw@t/uz.<&ut&P	:&z<&uz
w
z:xC:r2C#utﬃru;X{E=@=@;w:KrstQCur;WAxw(:&v&;F#T E-uV#Tx=@:uI
Vﬁ:&x=/tﬃePtﬃuz
w2s&tﬃu(W#xw
urW:rs L-WFEHLuxs&M/I8Ct@<wxrCF>s&x Vut/wuzu(WAxw
ur <9uz
wz:xCur
Vuz
sur.s z
O
urRKO^K@z
ur&s.st/u;u((uz
}ﬁv;x=ﬃu?<&ut/sur^|#Evv8:&rtﬃ}xwt/Er/;y&xz
wr&uz
r CuN
vut/r/;
xv ;5t/rs>Fﬁ:&rﬁwuz;I:@utﬃsur?;t/u8;tﬃI:@(tﬃr(suv (uz
}ﬁv;x=9s&u;{uz
Vur&suw
ur(B>x}ﬁw
u;	R
D-v rﬁ:r.utﬃru,|#Evv8:&rt/}xwt/Er.P	:!uz
vSﬁC=/t/I
@&urCFXv5: ut/ruzsuz;|#Evv8:r&tﬃ}xwt/N
Er/;w
ut=/ru@&vuz4ut/ruWMMﬁrI:@z
ErtQ;
xw
t/ErRx:
O
surRB>x}ﬁw(suz
~
uCur/;w
u	=@=ﬃu<{Ezr&u@vurR
O^tﬃI:@ﬁw
tQCtQ;w#@t/uz.<9ut F9s&x stﬃu>MMﬁrI:@z
ErtQ;xw
t/Er/;.;w.:
O
u?EPR GDR&utﬃr<x;MﬁrI:@z
EruzJXJ#N
My9ut/I
@&uz	IA}ut/ru
_
rsuz(:&r/C,xr.suz5Xv2y/=ﬃuv2urﬁwt/uz.:r/C,suz uVut=/tQCur!|#Ev2y9Erurﬁw
u
@uz
{Ezz.:
O
wF/;Ers&uz
r>=ﬃustQC=/t/I
@(P	:z<&u;w
u@&ursur?X5vy0=/uvurﬁw
tﬃuz.:r2C@&tﬃrP:/Cu
O
CwVuz
N
sur(}xrrR&W#t/u;
O
@z
w-P	:4}ut/rur,[9utQ;w.:r/C;ut/rﬁ<0:/;urR
]Xt/r^K@r/=ﬃt/I:@u; LXz
E<0=/uv tQ;wt/r Gt=/s YﬁRﬃa,s&xz.Cu;w
u	=@=ﬃwR U-tﬃuz>;E=@=/ur!V-t/usuz.:v PVut
;MﬁrI:@z
Eru#LCEz
w;>vt/wut/r&xrs&uzX}Evv5:rt/Pt/uz
urRObK@z
urssuzXut/ru#LCEz
wwMﬁyNE/t/v Gt@=/s
z
uI:@ﬁw;.ICsuvRP:{Ez>s9xzCu;w
u	=@=ﬃw
urBXMﬁy2urﬁw;yz
tﬃI:@ﬁwF:rﬁw
uz;I:@ut/suwK;t/I:@2suz>PVut/wu-L>Ezw
EGtﬃv Gt@=/s>=/tﬃr&}0;IX{Er4st/u;uv BMﬁy4s9xs/:z
I
@>Fs&x uz-xrs&uz
uD-rﬁw
uz
y&Ez
w.;-{uz
Vurs&uw	R
W#t/u-D-rﬁw
uz
y9Ez
w;XWAxw
u:rs#T.uz
O
=@=/urx:I:@@t/uzXst/u#Z:
O
Cx<9uF uVut=Q;>utﬃr;W#xw.:v
P	:w
z:xr2;5y9Ezw
t/uz
urCF<PV8Rst/u
~
=ﬃw
tQC}ut/wCs&uz>WAxwurxrP:PutQCurRZ<9uzXxr2;w
xw
wCvtﬃwKL-W
xrP	:Put@Cur>F9s&x ru	:&u;WAxw
ur <&uz
w
z:xCurcVuz
sur<s z
O
urCFCV-t/zscs&x;X5r@t@<t/w
N(MtQCr9x=
{uz
Vur&suwRWD:z
I:@4st/uZ-}ﬁw
tﬃ{ﬁt/uz.:r/C2st/u;u;DMtQCr&x=ﬃu;V-t/zs4s&tﬃu<9uz
w
z
xC:r/C2Vutﬃw
uz
uz
WAxw
ur:rﬁwuz(</:rsurRﬁ]K;X{uz
Vursuw);Evt/w)CuCur <9uzsuv L#W-N.Mt@Cr&x=&st/u-urﬁwCuCurN
Cu;uw
Pw
uMw
u	:uz.=/ECt/}2RW#tﬃu;uBXMﬁy9ur8:rﬁw
uz;I:@ut/sur5;t/I:@2x=@;E#Vusuz>tﬃvQ<9uz
wz:xC:r/C;N
{uz
@&x=ﬃw
ur<rEﬁI:@<t/r<surWMw
u	:uzvSﬁC=ﬃt/I:@}ut/wur>F;Ersuz
r<@&x<9ur<rﬁ:z:&rﬁwuz;I:@t/us0=/t/I:@u
X5vy0=/uvurﬁw
t/uz.:r/C;{xz
t/xrﬁw
ur?CuV-K@0=ﬃwR
W#uvurﬁw;yz
uI:@ursut/r
O
xI:@t@;wu;x:&I:@CFutﬃruAZ-ry&x;.;(:r/CAPV-t@;I:@&ursur&<9ut/sur;BMﬁN
y&urc@uzP:/;wu==/urCF>s&x?<9ut/v T>uz.<t/rsurcsuz&L-W#ND:r&sSX5r&@t@<tﬃw
N(Mﬁt@Cr&x=ﬃu>=ﬃustQC=/t/I
@.ut/r
X5rﬁ{uz
w
uzut/r/Cu
O
CwAVuz
surcv8: R>Z:I:@<@&tﬃuztQ;wA}ut/ru;Z-r&y&x;.;(:r/C4suz2|#Evy&ErurN
w
urt/vy0=ﬃuvurﬁwt/uz.:r/C4rEw5VurstQC:&rscx:I:@<stﬃu;L>uz
O
Ezv;xrIusuzX5vy/=ﬃuvurﬁw
t/uz.:r/C
<0=/ut@<w:rﬁ<&uutﬃr/T0: wR
]Xt/ruVutﬃw
uz
u
~
z.:yy9u&:v
O
x wL>Ez
w
w5Mﬁy9ur<vtﬃw:rﬁw
uz;I:@t/us0=/t/I
@&uv <9uz
wz:xC:r/C;N
{uz
@&x=ﬃw
ur<x<&uzC=ﬃutﬃI:@urSMw
u	:uz.:r/C;vSﬁC=/t/I:@}utﬃw
urRC]XtﬃrPGut@;y&tﬃu	=X@t/uz
P	:,t@;wAtﬃrPGt@=/s
YﬁR \s&xzCu;wu==/wR
Z:&I:@(@&tﬃuz#e&rsuw#V-t/usuzAutﬃr<L>Ez
w
w5Mﬁy<T>uz
Vurs0:&r/CF&suz#st/u&C=/ut/I:@ur<D-rﬁwuzy9Ezw;
rﬁ:w
PwFCV-t/u>;tﬃu>;I:@Er.x:/;suv uz;w
urWGutQ;yt/u	=)<9u}xrrﬁw&;tﬃr&sRD<ﬁVE@0=stﬃu?Mﬁwu:uz
N
  	
	
  
Data
NV
RD
Data
NV
RD
Clock
?
/ /
n m
 &  ﬁ24
,
43ﬁ	!5ﬃD 
  	 +-! 
$ .. !	*(ﬃ +.-"	 
	!8ﬁ.ﬂ !#
.,*(+.- .ﬁ +-ﬃﬁ
	

,	 ﬁ!*
6
(- 
!
v2SﬁC=/tﬃI}ut/w
ur<9ut/suz-L>Ez
w.;tﬃsurﬁwtQ;I>;t/rsCFVt/z
s;s&urrEﬁI4ut/ruxr&suz
uAZ#zws&uz-WAxN
wur <&uz
w
z:xC:r2CCuV-K/=ﬃwRCW-t/uWAxwur/Vﬁ:u	=@=ﬃu <&uz
w
z:KCwAut/r<W#xw.:v rt/IﬁwAxvFMw I:}9F
;Ers&uz
r,Puz.=/uCw#st/u;u2t/r,v;xdﬁtﬃv;x=>r&N,Gt/wCz
E uWAxwury&x}uwuﬁF&st/u2Putﬃw.=/tﬃI,r9xIutﬃrN
xr&suz <9uz
w
z
xCurcVuz
s&urR>W#tﬃu4WAxw
ur/;ur}ut/r/CuCurct@;w5;E,x:/;.Cu	=/uCwF>s&x ;tﬃu;tﬃr
usuv <9uz
wz:xC:r/C;.;Iz
tﬃw
w-ut/r4{E=@=Q;w
Krs&t@Cu;-WAxw(:v urﬁw.CuCurr&tﬃvv2w	R
X5rs&tﬃu;uvRJ&x==tQ;wCut/ruZ-ry9x;.;(:&r/Csu;C|#Evv5:rt/}xw
tﬃEr/;{uz&x=ﬃw
ur2;9s&xs0:&zIvSﬁCN
=ﬃt/ICFﬁs9x st/uWAxw
ury9x}uw
ux:
O
Mut/wur4suz#W#xw
ur/;ur&}uAV-t/usuzP	:4utﬃruv`{E==Q;w:Kr&stﬃN
Cur4WAxw.:v`P:/;
xvvur2Cu;5uwPwVuzs&urCFﬁ<9u{Ez;t/u#P:zﬂXvy0=/uvurﬁwt/uz.:r2Csuz#WAxw
urN
;ur}u2Vutﬃw
uzCu	=/utﬃw
uwAVuz
surR2ObK&zurst/uz
s0:&zI<PVxzA}utﬃr&u]Xt/rﬁ<0:/;ur,t/v GuP:/C
x:
O
stﬃu[9utQ;w(:&r/CsuzﬂX5vy/=ﬃuvurﬁw
t/uz.:r/Curﬁw;wuurCF0;t/rs;sEﬁI4utﬃr&t@CuALK:r&}ﬁwuAtﬃv GuN
P	:/Cx:
O
st/uXv2y/=ﬃuvurﬁwt/uz.:r/C;}E;w
ur(r&Kuz-P	:?<&uw
z:xIﬁw
urR
GutCurﬁw;yz
uIur&sEuzDGt/w
N,Gz
ut/wuAs&uz-P	: <9uz
wz:xCursur(W#xw
urCFVuzs&ur4s0:&zI
stﬃu -EwVurstQCu2Z-s&xyw
tﬃEr4vuz
}ﬁ=/tﬃI&uX5vy0=/uvurﬁw
tﬃuz(:&r/C;}Eﬁ;w
ur4{uz.:z;
xIﬁwR&]Xtﬃr&uAtﬃr
GuP	:/C(x:
O
st/u&X5vy0=/uvurﬁw
tﬃuz(:&r/C;}Eﬁ;w
urP:rs.T>uz:xz(<9ut/w(:&r/C;,=/utQ;w.:r/C4Ey&wt/v;x=/u&Xv2N
y0=ﬃuvurﬁwt/uz.:r/C2t@;w-x<9uzt/r4stﬃu;uvfJ&x== <&uz-s&x;T>uz
O
xz
ur4suz#|#Evv8:&rtﬃ}xwt/Er/;
xN
s&xywt/Er;vutQ;wrt/IﬁwP:;uz
z
utﬃI&urRﬁWAx;)<&uz.:ﬁws&xz:x:
O
Fs&x tﬃr;{ﬁt/u	=/ur4JXK==/ur
O
zsur
tﬃr4suz-WAxwur/;ur}u#{uz
Vursuwur(Z=QCEz
t/wv5:/;-x:&I4ut/ru8;5uzt/u	=@=/uATXxz
t/xrﬁw
u#udtQ;w
tﬃuzwF
stﬃuAu;uz
v2SﬁC=/tﬃIﬁwFst/uAWAxwury&x}uwu#utﬃrPu	=ﬃr4P	:;{uz:xz.<9ut/wurRﬁWAxstﬃu;5uX5vy0=/uvurﬁw
tﬃuN
z(:&r/C;{xz
t/xrﬁw
utﬃr<s&ur<vutQ;5w
urcJXK==/ur<s&u	:w.=ﬃt/ISCuz
tﬃr2Cuz
u&Xvy0=ﬃuvurﬁwt/uz.:r/C;}Eﬁ;wur
{uz(:&z.;
xIﬁwFx=@;>stﬃuy&xz:x==/u	=/u-TXxztGxrﬁwuﬁF V-Kz
ust/u;
O
z>s&x;KCuCu	<9uru-LXz
E<0=ﬃuvRst/utﬃs&uxN
=ﬃu-[9Sﬁ;(:r/C0RW#tﬃu;=ﬃt/u uﬂ;t/I2x<9uz>rﬁ:z>s0:&z
I2ut/ru-<&uz:xz.<&ut/w.:r/C-suzX5vy0=/uvurﬁw
tﬃuz(:&r/C
suz#WAxw
ur2;5ur}uAz
ux=ﬃtQ;tﬃuzurR
|#Evy0=/tﬃPtﬃuz
w
uzV-t/z
ss&uz/:/;
xvvur&xr/C<9ut9L>Ezw
wMy9urCFﬁstﬃu;t/IP:/;
Kw
P	=/t/I;rEﬁI
tﬃr;s&ur<&uzut/wCu;wu==/wur?Mw
u	:uz
vSﬁC=/t/I}utﬃw
ur:&rw
uz;Iut/surRﬁ]Xt/r>GutQ;yt/u	=&tﬃuz
P	:;tQ;w
tﬃrNGt=/sNYﬁRYs&xz.Cu;w
u	=@=ﬃwR
Data
NV
RD
Data
NV
Clock
?
 &   24
(
430!5ﬃ 
9 !#
,*,+- ﬁ  +.-! 
$ (ﬃ  +.-" 
	!
     .(! +.- !D.*!#
4') *K" 
$
6
.)ﬀﬂﬃﬁ!	!#
!
BlockData
NV
RD
Data
NV
RD
Clock
?
 &  ﬁ. !
6
!ﬁ +("( 	!#
$ 4
)%. 5%(	 +-!( !#
$ .
. 0.4
( !
W#t/u<9utﬃs&urc{uz
Vursuw
ur!LCEz
wwMﬁy&urW:rﬁw
uz;Iut/surW;t/IS=/ustQC=ﬃt/Ics&xs0:&zI>FCs9x
st/u;WAxw
ur/Vﬁ:u	=@=ﬃu;stﬃu?Mw
u	:uz.:r/C <9uzs&x;8L-W#N(MtQCr&x=K:&rﬁwuz.;w w
PwF9VEt/r/CuCur<st/u
WAxw
ur2;5ur}u-st/u;uA4SﬁC=ﬃt/I}ut/wrt/Iﬁw{Ez;tﬃuﬁw	RXrst/u;uvfJx=@=&t@;ws&tﬃuAxr&P	:ﬁVursur&su
Z-s&xyw
t/Er?=/utﬃIﬁw#s0:z
IP	:
O
z
urCFs&xutﬃr,T>uzPtﬃIﬁw-s&uz#WAxwur2;ur}ux:
O
st/u(SﬁC=/t/IN
}ut/wFs&tﬃu-<9uz
wz:xC:r/C-r&u	:uzW#xw
ur2P	:5:rﬁw
uz.<tﬃr&surCFC=/ut/Iﬁ<&us&u	:w
urs2s&xvtﬃwXt@;wFx:
O
suzMut/wu;suz2WAxw
ur0Vﬁ:&u	==/u;s&x;8L#W-N(Mﬁt@Cr&x=}Er2;w
xrﬁw2x:
O
x}ﬁw
tﬃ{ur.L>uCu	=P	:W;uw
PurR
X5r,utﬃruzA|#Er/;w
u	=@=/xw
tﬃErCF9tﬃr,s&uz#s&tﬃuT>uz9K=/w
rtQ;.;5u2PVtQ;Iur<WAxwur/;ur}u5:rs<WAxwurN
Vﬁ:u	=@=/uDCur9x::vCu}u z
w;5t/rs>Fﬁx=@;E2stﬃuAWAxwur/;ur}u#s&x;)L#W-N.Mt@Cr&x=/:&rﬁwuz;w w
PwFst/u
WAxw
ur/V:&u	=@=ﬃu tﬃr2Cur4rt/IﬁwFtQ;w-}ut/ru5;tﬃrrﬁ{E=@=ﬃu2Z-s&xywt/Er4vSﬁC=ﬃt/IR
_
&r0=/tﬃIuALXz
E<0=/uv;5w
u	=@=@:r/Cur;uzCu	<&ur>;t/I<&ut/v`<9uzCxr2CA{Er<0=/EﬁI:}Ez
t/urﬁw
tﬃuzw
uz
<9uz
wz:xC:&r/C2P	:4PutﬃI&urEz
tﬃurﬁw
t/uz
wuz-D<&uz
w
z:xC:r/C?EHGt@=ﬃsPYﬁR ﬁIR
D<ﬁVE0=ﬁ<9ut/suL>Ezw
wMﬁy&ur2st/uﬂC=ﬃutﬃIuDMw
u	:uz.;tQCr&x=ﬃu{uzVurs&urCF<9uPt/u ur&;tﬃI2st/uN
;u;sEﬁI.x:
O
{uz;It/usur&u;WAxw
ur0Vﬁ:&xrﬁw
tﬃw:KwurRObK&z
urscst/u4W#xw
ur/;ur}u;t/r usuv
<9uz
wz:xC:&r/;.;Iz
tﬃw
wAut/r<WAxw.:v urﬁwCuCurrt/vvwF9{uz;ursuwAs&tﬃu;WAxw
ur0Vﬁ:&u	==/utﬃr  uN
suv <9uz
s&xwur/;Iz
tﬃw
wutﬃr&ur?G)=/EﬁI:}{Er4r(WAxw
urRﬁObK&zurs4st/uWAxw
ur/;ur}us0:z
I
ut/r(x}ﬁwt/{u;L-W#N(Mﬁt@Cr&x=Cutﬃr,W#xw.:v xr
O
Ezs&uz
wFV-t/zs(stﬃu2Z-}ﬁw
tﬃ{ﬁt/uz.:r/C2su;L#W#N(MtQCr9x=
{Er,s&uzAWAxw
ur0Vﬁ:u	=@=/ux=Q;AZ:9Ez
suz(:&r/Cs9xP:,{uz.;w:xrsur>F&ut/rur,{E==Q;w:Kr&st@Cur<WAxN
w
urﬁ<0=/EﬁI:};P	:4{uz;urs&urR
D-v t/uz,ut/ru.Z-s&xyw
t/ErRs/:z
I
O
z
urRP:R}Srr&urCF-v5: ut/r &VtQ;Iur2;5y9ut/Iuz
E JX
J-N.My&utﬃIuzIutﬃr2Cuzt/Iﬁw
uw2Vuz
surCFXsu;.;ur
~
zS u(x:2;5z
ut/Iur&s.t@;wF>ut/rur CxrN
Pur4WAxwurﬁ</=ﬃEﬁI:};x:
O
P	:ruvurRﬁW#t/u;uz&V-tQ;I&ur/;y9utﬃI&uzﬂCt@<ws&xrr4WAxw(:v
O
zWAxN
w.:v xr4st/uWAxwur/;ur}uAVut/wuz:&rs
O
Ez
suz
wF
O
x=@=@;s&uzMy&utﬃIuz-Vt/usuz#x:2;5z
ut/Iur&s
Cu	=/uuz
w-t@;wFutﬃr&ur4ru:ur(WAxw
urﬁ<0=/EﬁI:}<&utCsuz#W#xw
ur0Vﬁ:u	=@=/uxrR
]Xt/r.Vut/wuz
u;(uz
}ﬁv;x= FXtﬃr!suv ;t/I!LCEz
w
w5Mﬁy9urW:rﬁw
uz;Iut/sur!}SrrurCFXt@;wsuz
BMﬁys&uzw
z:xr/;y&Ez
w
tﬃuz
w
ur4WAxw
urRﬁW#tﬃuAWAxwurﬁwMﬁy&ur=/x;.;ur>;tﬃI4xr9xr&s;suz|Az
tﬃw
uz
t/ur
Gx;t@;wMﬁyCF0O<uz
wu<&uz
ut/I>:r&s(JEzv;xw-}ﬁ=/x;.;t/ePt/uz
urR
W#uz5Gx;t@;wMﬁySCt<&wxrCFCVu	=/Iu;JEz
v {ErPX5r
O
Ez
v;xwt/Er<s0:z
I<ut/rcWAxw.:v s&xzCuN
;w
u	==/wVuz
sur4}xrrRW-t/u;}Sr&rur;PR GDRJ=/tﬃu }Evv;xPx0=/ur>FX5rﬁw
uCuz
Vuzw
uFx<&uz-x:I
&ut/I&ur
O
E=@Cur&;utﬃrRW#uzO<uzw
u	<9uz
ut/ICt@<wxr>FVu	=ﬃI&uﬂO<uz
wu{Er2ut/ruvHWAxw.:vHxrN
CurEvvur4Vuzs&ur4}SrrurR&WAx;-JEz
vxw-V-tﬃus&uz.:v =ﬃuCw
O
u;wFt/r4Vu	=/IuzO<utQ;uAst/u
X5r
O
Ez
v;xwt/Er;}Es&tﬃuzwtQ;5wR&x0=/ur;}Srrur;PR GDRt/v G-YW-NJﬁEz
v;xwF&Vut/uz
}Evy0=/uvurﬁw
:rs &utﬃI&ur4t/v ZMY)X.X5NXEﬁs&uz#D X
Y
#WA]XN5JEz
v;xw-s&xzCu;wu==/w-Vuz
surR
WAxw
urCF>st/u;s&urWC=/utﬃI&urWG-x;tQ;w5MﬁyCF>s&urWC=/utﬃI&urSO<uzw
u	<9uz
ut/I!x<&uzutﬃrW:rﬁw
uz
N
;It/us0=/tﬃI&u;JEz
vxw2x:
O
VutQ;urCFC}Srrurc{uz.=:2;w
O
z
utt/rut/r&xrsuz <9uz
O
z
wVuz
surCF
;Es9x t/uzut/ru#ut/r
O
xIuAZ-ry9x;.;(:r2CAsuzL>Ez
w
w5Mﬁy9ur;vSﬁC=/t/I;tQ;wFt/r;suv`utﬃr
O
xI;t/r
  	
	
  
Komponente1
 	
Portadapter
A,B,C <- A 

  
Implementierung
K  &   ﬀﬂﬃDﬁ!!#
ﬃ 
 24
$	

sur2urﬁw;yz
uIursur;|#Evv8:r&tﬃ}xw
t/Er2;y
O
xssuz)CuutQCr&uw
u#YEﬁsu}Erﬁ{uz
w
uzXut/r/Cu	<&x:w
Vt/z
sR
~
=ﬃutﬃIu;)Ct@=/w
O
zs&tﬃu#JXK==/uF<&uts&urur;P	:/;
KwP=ﬃt/IsuzKO<uzw
u	<9uz
ut/I;{xz
tﬃt/uz
wFVurr
suz)O<uz
w
u	<&uz
ut/Is&uzWAxw
ur/;ur&}uCzS uzx=@;Xs&uzsuzWAxwur2;ur}u-tQ;wK:&rs;Evtﬃw)<9ut
suzA|#Erﬁ{uzw
t/uz.:r/C}utﬃr&u8X5r
O
Ez
v;xw
t/Er({uz.=/Ez
ur2Cuﬁw	R9W-uz:vCu}u z
w
u2J&x==5F0<9utCs&uz
utﬃr&u|AErﬁ{uz
w
tﬃuz(:&r/C{Erut/ruv Cz
S uzurAt/rutﬃr&urA}ﬁ=/ut/ruz
ur8O<uz
w
u	<&uz
ut/IrEw5VurstQC
t@;wF}xrr(x:I(z
ux=/tQ;tﬃuz
w-Vuz
surR&U-t/uz.<&utCu ur(x<&uzXr
O
Ezv;xw
tﬃErur({uz.=ﬃEz
urR
Z:/;Asur<E<t@CurcZD:/;
O
z.:r/Cur<tQ;wuz;tﬃIﬁw.=ﬃt/ICFCs&x u;#t/r<{ﬁt/u	=/urcJXK=@=/ur<vSC=/tﬃI
t@;wFs0:z
I;Z#s&xy&wt/Er/;vuI&xrtQ;vurs&tﬃu#{Er;utﬃr&uz|#Evy&Erurw
uD:rﬁw
uz;5w w
Pw
ur4LCEz
wN
w5Mﬁy9urs&u	:w.=ﬃt/I;P	:uzVut/w
uz
rCFEru#s&x<&ut&t/r;st/uXv2y/=ﬃuv2urﬁwt/uz.:r/CAs&uz|AEvy9Er&urﬁwu
;u	=<2;wutﬃr/Cz
ut
O
ur4P	:(v ;.;urR
W#tﬃu;ﬂ=/uCw#st/u2W-uert/wt/Er({Er<LCEz
w
xs&xyw
uz
r(r9xuﬁFs&uz
ur,Z:
O
Cx<&us&xz
t/r?<&u;5w
u ﬁwF
utﬃr&urCuCu	<&urur;L>Ez
w
w5Mﬁy;xr{uz;It/usur&u#xr&suz
u#L>Ez
w
w5Mﬁy9ur;xrP	:y9x;.;urRD-r2;5I&Sr
tﬃuz
xr<tQ;wF9s&x st/u;u;Z-s&xyw
uzv;xrﬁ:&u	==ut/rP	:
O
CurS;tﬃr&sR2O r2;I&ur/;Vuz
wAV-Kzuu;
x<9uzFXVurr
O
z us&ur^L>Ez
w;st/u(zu=ﬃu{xrﬁwurbLCEz
w
xs&xyw
uz  u(r&xI Gus9xz
O
tﬃr^utﬃr&uz
Z-zw5:rsWO,ut@;u4x:w
Evxw
t@;Icutﬃr/Cu
O
Cw2Vuz
surcV z
surCF>st/u
O
zs&tﬃu4|AEvy9Er&urﬁwu
{E=@=@;w:KrstQC2wz:xr/;y&xz
urﬁw-VKz
uR
D-v stﬃu;#P	:<uz
z
ut/IurCFCVuz
sur,s&tﬃu{uz;Itﬃusurur<L>Ez
wwMﬁy&ur<t/r<utﬃr&uU-t/uz:xz
Itﬃu
utﬃr2CuC=/t/usuz
wRL>Ezw
wMﬁy&urCFPV-tQ;Iurs&ururutﬃr&uZ-s&xyw
tﬃErvSﬁC=ﬃt/ItQ;wFuz&x=ﬃw
urtﬃuzN
<&utut/rurWCuvut/r/;
xvurWGx;tQ;y&Ez
wwMﬁyRusuv L>Ez
wwMﬁyc}xrr.s&xrrcut/rWCuutQCruw
uz
LCEz
w
xs&xyw
uz4P	:/CuEz
sruw4Vuzs&urCFsuz4st/uPCu
O
Ez
suz
w
urbZ-ry9x;.;(:r2Cur^s0:z
I
O
&zwR
O!t/z
s uwPwut/ruv L>Ez
wAut/r<L>Ez
wwMﬁy<P	:/CuV-tﬃu;5urCF9V-t/zs<suzAurﬁw;yz
uIur&su;LCEz
w:xsN
xy&wuzAx:w
Evxw
t@;I<x=Q;#D-rﬁw
uz
E<  u}ﬁw#suzAx}ﬁwt/{ur,|#Evy9Erurﬁwu2utﬃr2CuEz
sruwF&P	:(s&uz
suz#L>Ez
wDCu Sz
w#R0X5rNGt=/sNYﬁR t@;w-st/u8;t/I4s&xz:x:/;uzCu	<&ursu5Mﬁtﬃw.:&xw
tﬃEr4s9xzCu;w
u	==/wR
O<urr(s&tﬃu{Ez9xr&suru8Xv2y/=ﬃuvurﬁwt/uz.:r/C{Er,|#Evy9Er&ruw
uArﬁ:z#sur,L>Ez
wwMﬁy,Z
:rﬁw
uz.;w w
PwFV-t/zs^s&tﬃu; s0:z
I^sur^utﬃr/Cu
O
Cw
urbL>Ez
w:xs&xywuz;s&xt/r/Cu ursbx:2;.CuN
su rﬁwFs&x P	:/;
Kw
P	=ﬃt/I;stﬃuABXMﬁy9ur>GS:r&s4YS<9uz
ut/w.Cu;w
u	=@=ﬃwVuz
sur:rs t/uz
s0:z
I;stﬃu
J=/udﬁt@<t@=ﬃt/w
Kw-suz#|AEvy9Erurﬁw
uAsu	:&w(=/t/I4uz
Vutﬃw
uz
w-V-tﬃz
sR
Mw
Szurs4t@;w-x<9uzsurrEﬁICFﬁs9x stﬃuXrﬁwuCz:xwt/Er;s&u;L>Ez
w
xs&xyw
uz;rt/Iﬁw{E==Q;w:KrN
st@C(w
z
xr/;y&xz
urﬁw2t@;wRX5v
~
uCur/;
xwP;P	:cs&uz2Txz
tGxrﬁw
u;Eru4L>Ezw:xs&xyw
uzFCv8: rﬁ:r
stﬃu;|#Ev2y9Erurﬁw
u2rt/Iﬁw#st/uBMﬁy&ur<{Er<L>Ez
w5:rs,su;(;ur<D-rﬁwuzy9Ezw;Ax:
O
st/u2urﬁwN
 ﬁﬀﬂﬃ	  "!#%$'&#)((%ﬃ	"ﬂ)ﬀ)((* ,+ﬀ)- - .	* (/)+ﬀ)01	230(%ﬃ	.54 (*(6 ,+7 +	ﬃ7(#%ﬃ58"(* /9*ﬀﬁ* ":#%.5ﬃ,ﬀ)*ﬀ)&ﬃ	.
ﬀ01,2;ﬀ)- +ﬁﬀ)ﬂ%ﬃ	  ﬁ!#%$'&#%((ﬃ5(' $;&- $'(%ﬃ	 ,.	ﬃ"8".	*('0(*'<0$; (*,+	ﬃ", (,(;:#%.5ﬃ"4+	 ﬃ5<(9%*,."*(;:#).	ﬃ	ﬃ=&
ﬃ5.,>)/)ﬃ9? .*(@*,.:#%.	ﬃ	ﬀ)*ﬀ&ﬃ	,.<0+	ﬃ	>)(* / +	ﬃ,6A .	*'$;ﬀ)(Bﬀ(@* ,+	.3Cﬃ5- - '* ;ﬀ)0ﬃ	#%$;ﬀ)ﬃ5 +	1,2'D".	<0/%0(/
*+E:#).	ﬃ,ﬀ*ﬀ)&ﬃ	.5+E( 1,2ﬃﬁ0(%ﬃ	.54 (*(98 .	*((*- #%+ﬁ(03:#).	ﬃ,ﬀ*ﬀ)&ﬃ	.ﬁ (/%? /%ﬃ,6
      .(! +.- !D.*!#
4') *K" 
$
6
.)ﬀﬂﬃﬁ!	!#
!

		


 
 ﬀ
ﬁﬀ 
ﬂﬃ

 ﬀ
ﬁ
ﬂﬃ


		

 !	
	"#$ﬀ%'&(
)* *+*ﬀ , -
.-/
)* *
 
)* *10
.-/
 2 .-/
+*ﬀ , -
.-/ +*ﬀ , -
ﬂﬃ
     .,	 !+.- !.43)!ﬁ-ﬁ !
6
!5ﬀﬃﬃ !ﬁ "	 
  !*(ﬃD.+-! *(ﬃD!5ﬁ (+.-5ﬁ
	


.
;yz
uIursu<Z-r
O
z
xCut/rbxr/Cu	<9urCF;Ersuz
r^v5: st/u;
O
z4surbL>Ez
w(|#Evy&ErurN
w
uR L>Ezw:xs&xyw
uzR D:w-w(:&rR
5-vHst/u;ur65-rﬁwuz;It/us;x:
O
u	<9ur2P:2}Srrur>FVt/z
sstﬃuDGur&urrﬁ:r2C#{Er;LCEz
w;>s&xN
t/r/Cu ur&s&CuKrsuz
wFs9x <9utﬃvHZ-r2;yz
uIur2utﬃr&u;XLCEz
w;Cs/:z
I2su;.;ur{E=@=@;w:KrstQCur
#xvur(P	:2;
Kw
P	=/tﬃI87ﬁR L>Ez
w7;xr&P	:
O
Cur(tQ;wR&Z:2;#|#Evy&Erurﬁw
uR L>Ez
wV-t/zs,suvurﬁw
N
;yz
uIurs;|AEvy9Erurﬁw
uR L>EzwR L>Ez
w	RﬁJ zut/rur;L>EzwEr&u#L>Ezw:xs&xyw
uzurﬁw;yz
tﬃIﬁw
suzN;Mﬁv5<&E=/t@;Iu95-rﬁwuz
y9Ez
w:7LCEz
w7cs&uv LCEz
w?;u=</;wR#J z4utﬃrurRL>Ez
w t/r/CuCur
suz <9uz;ut/rurbL>Ez
w:xs&xyw
uz;{uz
O
CwFuz
zutﬃIﬁw;v;xr <&uz;st/u;ur GuPutﬃI&ruz;s&ur
Z:/;.Cxr/C;y&Ez
w#s&u;AL>Ez
w:xs&xyw
uz;:F;E4s&x |#Evy9Er&urﬁwu"R L>Ez
wR L>Ez
wAvt/wAsuv L>Ezw
|#Evy&ErurﬁwuR LCEz
w:xs9xy&wuzR :w5C=/ut/IP	:/;uw
Pur,tQ;w	RCWD:z
I<st/u;u|AErﬁ{urﬁw
t/Er<}SrN
rur^rﬁ:r^L>Ezw;vtﬃw4L>Ez
w:xs&xyw
uz4x:
O
s&tﬃuNC=/ut/Iu?O<utQ;uNCu &xrs&x<w;Vuz
sur!V-t/u
L>Ez
w;EruL>Ez
w
xs&xyw
uzR
/:/;
Kw
P	=/tﬃI!}xrr!ut/r^L>Ez
w:xs&xywuzr&EﬁI!s&xP	:!st/ururCFXs&tﬃu,Z#r/;wu:uz.<&xz
}ut/w;suz
|#Evv5:rt/}xwt/Er/;vuI&xrtQ;vur(P	:({uz
utﬃr
O
xIurR0XrNGt=/sPYﬁR ;;tﬃr&s tﬃuzP:(PVutKGut/N
;yt/u	=/ux:
O
Cu
O
z
wR WAx;#uz;wuGutQ;yt/u	=DE/t/v Gt@=ﬃsP=ﬃt/r}0;I-Put@CwAut/rur<L>Ez
w
xs&xyw
uzF9suz
w:x}ﬁw;MﬁrIz
EruL>Ez
w
w5Mﬁy9ur<xs&xyw
tﬃuz
wR /:,suz<tQ;uzD<9u}xr&rﬁwur<J0:&r}ﬁwt/Er&x=ﬃt/w:KwAsuz
L>Ez
w
w5Mﬁy&xry9x;.;(:r2C5;w
u	=@=ﬃw-st/u;uz#Z-s&xyw
uz-P	:2;Kw
P	=/tﬃIu2LCEz
w.;ﬂ<9uz
ut/w	R&U-t/uz.<&ut &xrsu=ﬃw
u;K;tﬃI5:vQst/u-LCEz
w;XY)=/EﬁI:}ﬁX5r5:rs;Y)=/EﬁI:} :wRW#uz]>rﬁwV-tﬃI:}ﬁ=/uzX}xrr <9uz>s&tﬃu;u-L>Ezw;
rﬁ:rP=ﬃut/IﬁwAsur=<>x}ﬁwF9suzAP	:&z|#Ev2v5:r&tﬃ}xw
t/Er<{uzVurs&uwAV-tﬃz
sCFCxrcY)=/EﬁI
} D:wx<N
Czut
O
urP<PV8R <9uz2Y)=/EﬁI:}Xr<xr/Cu	<9urCF9Vu	=/I&ur8<Xx}ﬁwAuz8;u=</;wAP:z|#Evv8:&rt/}xwt/Er
{uz
Vur&sur(Vt@=@=HR
]Xt/ruGu;Iz
ut@<0:r/C-st/u;u;KMxIﬁ{uz&x=/wu;CVKz
uPV-xzXx:I2E&rust/u>5-rﬁw
uz;w w
P	:r/C
su;-L>Ezw:xs&xyw
uz;vSﬁC=ﬃt/ICFsurr&EI4{uz
ut/r
O
xIﬁws&tﬃu;uz#Z-r/;
xw
PAst/uZ-rﬁVurs0<&xz
}utﬃw
su;5<9uz
utﬃwCu;w
u	==/w
ur!|#Evv5:rt/}xwt/Er/;vuI&xrtQ;v8:2;F>s&x,st/u>X5vy0=/uvurﬁw
tﬃuz.:r2C;s&uN
w:xt@=Q;{Ev ]XrﬁwVt/I:}ﬁ=/uz-{uz.<9EzCur?<0=/ut@<&urR2ME;t@;w#u;
O
z-st/u5Gus&tﬃurﬁ:&r/C2s&tﬃu;u;-L>Ezw;
:ruz&u	<0=/tﬃI>FE<;s&x;4<>x}ﬁw;t@Cr&x=9x=Q;XutQCuru;MtQCr&x=&P	:;sur?5-rﬁw
uz
y9Ez
w;Xs&u;LCEz
wwMﬁy/;
Cu Sz
wFEﬁsuzE<u;K=/ustQC=ﬃt/It/r;JEz
vHut/ru;Zw
wz
t@<0:w
u;)Gu;w:xrsw
ut@=s&u;LCEz
w
w5Mﬁy/;XtQ;w	R
WAx; PVut/w
uSGutQ;ytﬃu=EGtﬃv Gt@=ﬃsbz
uIﬁw;I&<9urﬁ:w
Pw4ut/rurRLCEz
wwMﬁyCFs&uz(x:
O
ut/ruv
5-rﬁw
uz
y&Ez
wW#xw
urN:rscZ-sz
u;.;tﬃr
O
Ez
v;xwt/Er,t/r,Putﬃw.=ﬃt/IuzZD<
O
E=QCu <9uz
w
z
KCwF&VE<&ut
ut/r85-rﬁw
uz
y&Ez
w#st/u
~
=/wtQC}utﬃwAsuzWAxw
ur<xrPut@CwEGTx=/t/s2Iﬂ:&rs,ut/r<xrsuz
uzEQX(;
Z-s&zI
P	:z@5-rﬁwuz;Iutﬃs0:&r/CAPV-tQ;I&ur;WAxw
urN<PV8RﬁZ-sz
u;.;t/r
O
Ez
v;xwt/Er&uz:xr2CuPECur;V-tﬃz
sR
5-v s&tﬃu;ur.|#Evv5:rt/}xw
tﬃEr/;vuI&xrtQ;v5:/;Aut/r
O
xIuz2xrﬁVursurcP	:c}Sr&rurCFCtQ;wu;
  	
	
   

		
	
	
 

ﬀﬁﬂ
ﬃ ﬂ  Portadapter
DataSimple
Portadapter
Control
!#"$ %'&( )(*+" ,-.-/0" 1/0,+23,-4#,5%65798:5<;3:->=>.%.?@=A,- 5
B CDDFEGHHIFJC
K<LNMOKDPRQDSJUT9JSVKBB CDWGVXYMOC
GD Z3KV\[KOVKDDFOK<]^GVOB_Z3KVKCO`Q3BOKH
H
KD^I
a_GZSKCSJC
Kcb>Ka+KC
HC[KDYLNMOKDYMQdeYJQSV deYQDFOKVB deC
KJH
CdeSK\]#GV OBRfFQ3MH
C
g`C
KVO_a_KV JSKD^h
L\CKBNa+C
VJiJQSV dejJC
KY]#GVOkSMMVKYLNMOMlLNMOMmRMHC
JiQSDJjT9JSVlT9JVm_MH
CJjVKMHCB CKV Oh
n
C
VJUJKV\]^GVOMJSMkOKV\MDUKC
DKXoT9QSB[MDSB k3GV O9Z3KOV C
KZ3KD^IXpQ KV9JC
K<T9QWqB kSMH
O QSDS[
JKV+LNMOKDSP^QDJUT9JVKBB C
DWGV XYMOCGD'V dr[sDS[C
[NXYMdeKDYQDJYJC
KNtOKQKVB C[DSMHK\KDFO P
B kVKdeKDJuMDkSMBB KD^h
v
XwMQdeUeC
KV+JSKDyx#C
DSBMO`\JSKV9]#GVOMJSMkO KV+OVMDSB kSMVKDFOKV+`Qy[KB OMH
OKD^IFrzDDKD
JCK9KDFOrGkSkSKH
OKDY]^GVOBRQDJ'JC
K+J3M`QS[KezVC
[KDUtOKQKVk3GVOBRMHBRB {FXpZSGHCB deK
v
DFO KV P
kSGVOB9CDyJKDUX'C
O9JKXo]^GVOMJ3MkSO KV\EKVZQDJKDKDu]#GVO9KC
DS[KOVM[KDya+KVJKD^h3tFGX'C
O
a+sVKD|JCKyLNMOKD#I#JCK Z3KVpKC
DKD|]#GV OpX'C
O'}\MX'KD~] Z3KVO VM[KDja+KVJKD#I#QDFOKV
]#h LNMOMh ]^GVO9`QUKV VKC
deKD#h
L\KV'xRDFOa9C
drFHKVprMDD~MHB GiMQW9KC
DKV'MZ3B O VMeC
KVO KD~_KB deSV KCZQSDS[yJKB'\GX'X<QP
DCrMO C
GDSB X'KdeSMDCB X<QSBpMQWqB KO`KD|QDJjCB O'B GX'C
O<a+KC
O[KeSKDJjEGDjJKV<KC
[KDFOHC
deKD

X'kH
KX'KDFOCKVQSDS[UJKVpNGXpXpQDSCrMOC
GDjQDSMZe3sD3[C[I^a_GFJQSVde|B C
dej[MD`KU\HMBB KD
EKVB deC
KJKDKVyNGXpXpQDSCrMOC
GD3B XpKdeSMDSC
B X'KDC
D[H
KC
deKV
n
KC
B KiZSKJC
KDKDHMBB KD
QDJiB GUMrFOC
EK'\GX'kSGDKDFOKDuGeSDK<`QSBsO`H
C
deSKDuT\QWa+MDJuKC
DK<a+KB KDFOHC
deu[Vz KV K

MeH^EGDy\GX'X<QSDC
rMO C
GDSB X'KdeSMDCB X'KDUQDFOKVB O O`KDUrzDDKD^h
xRC
DK9a+KCOKVK9kVMrFOC
B deK\xRC[KDSB deSMWO_ZSKCSJKV+m#KVa+KDJQSDS[NEGDY]#GV OMJSMkOKVD^IJCK
`QV+KCDWqMdeKVKDy_KJCKDFQDS[<a+KC
O KV K<]#GV OB_JSKgDC
KVKD^IZSKB OKeFO+J3MVC
D^IFJSM eSCKVJQSV de
MQSde]#GVOMJ3MkSO KVYJSCKjFQSDrFOCGDSMH
COsOUMDJSKVKi]#GVOMJ3MkSO KVYDFQSO `KDrzDDKD^h9L\CKB
a+C
VJyC
Du+CH
JiFh YMDSeSMDJyKC
DKB\]^GVOO{FkSBpqLNMOM}9ESŁ9[K`KC[OISJKV\KCDK'9ZSKV OVM[QSDS[
EGDyLNMOKDUC
DrFH
QSB CEKNKCDSKB\ HOC[rKC
OB B C[DSMH
B<q}\mNŁ_KVX'zF[H
C
deFOh
n
seSVKDJuJKVN]#GVOMJSMkOKV<B KHZ3B O\JSCKYtF{FDdeVGDSC
BMOCGDu`a9CB deKDiNGX'XpQDC
rMOCP
GD3Bk3MVODKVDuJQSV deSW eVOI3WqMH
HB9W VNJC
K'9ZSKV OVM[QSDS['EKVB deC
KJKDSK'#MrFOB C[DSMH
KpEKV P
a_KDSJKO_a_KV JSKD^IrMDDYKV_JC
K\T9Dk3MBB QD3[\JSKB_LNMOKDWGVXYMOKBRKCDKXeC
KVW V+[KKC
[DKP
O KDi]#GVOMJSMkOKV ZSKVOVM[KD#ISC
DyJSKXKV\W VNJKDi]#GVO<L\MOM'KC
DKDuKDFOB kVKdeKDJKD
+MBCB kSGVOO{FkUEGV[C
ZOh
L\KV9+MB C
B k3GV OO{FkUC
B O+KDFO a_KJSKV+KC
DUMZSB OVMrFOKV+GFJKV+QSDFO KVJSKgDC
KVO KV9]^GVO O {Fk^hxRV
HK[O'B GXpC
OprKCDSKYrGDrFVKO K

X'kH
KX'KDFOCKV QSDS[yWKB OI#B GDJKV D|JKgSDCKV OpDFQV'[VQDJSHKP
[KDJK<xRC[KDSB deSMWO KDUJKV9X'zF[HC
deKDu]^GVOO{Fk3KD^h

XEGVHC
K[KDJSKDY+KC
B kSCKHSKV VKC
deFO_XYMDYJC
KBRJ3MJQSVde#IJSM JKV+]#GV OO{FkULNMOMFtC
XpP
kSKH#EKVa+KDJKO\a9CVJ^ISJSKV\JC
K'9ZSKV OVM[QSDS['EGDuLNMO KDyX'C
O\Z3KHC
KZSC
[KVN+COZVKC
O KFISCD
EKVB deC
KJKDKD~LNMO KDSWGVXYMO KD|KVX'z[H
CdeFOhRL\KV'KDFOB kVKdeKDJSKy]^GVOMJSMkOKV'rMDD
JSMDDi`h \h^JC
K
v
Xpa+MDJSHQD3[Y`a+CB deKDjEKVB deSCKJSKDKD

MeH
KDJ3MVB OKH
HQD3[KDiJQVdeP
  &(<2^,- ,"5 ./0657\%,1#5 = 4_6-1R. =A" 8,-	+:
9?F:5,5 =>,5
W eVKD#hS_KC_tOKQKVB C[D3MH
KDyEGXoR{Fk_GDFO VGHqISa9CK<`Fh \hSJKXo]#GVON}\m<IrMDSDyJC
KB K
T9Dk3MBB QD3[<`a+CB deKDuxRCD3B PT9rFO C
EKDUQSDJy}9QSHH
PT9rFOCEKDu]^GVO O {FkSKDUKVWGH
[KD^h
L\C
KyzF[H
C
derKCOI^]#GVOMJ3MkSO KVNeC
KVMVdeCB deiMQW`QSZSMQSKD^I3KVezeFONJC
K
n
C
KJKVEKVP
a+KDJZSMVrKC
O+QSDJUEKVKC
DWqMdeFO9B G'JKDyxRDFOa9QVW#KC
DKB9DKQKDu]^GVOMJ3MkSO KVB+JSKQOHC
de^h
9Yhuehvvhuxqj ghu Sruwlhuedunhlw
_KC+JSKV'T9ZSZCH
JQSDS[yEGD~]RV GZH
KX'H
zB QSDS[KD~MQSW9EKVB deC
KJKDSK

C
KHB {BOKX'KUrMDSDjKB
HKC
deFO^`QpxRDS[kSsBBKD<ZSKCFJKD<EKVW [ZSMVKD't{B OKX'KC
DeKC
OKD<rGX'X'KD#h]RVGZHKX'MOCBde
B CDJjeSCKVZ3KC_Z3KB GDJKVB't{B O KX'KCDSeKC
O KD^I^JC
KYEGD|B C
de|MQ3BNDFQVpCDjJSKV #M[KUB C
DJ^I
KCDSKp\GX'kSGDKDFO K'MQSW`QDKeSX'KD^h3L\CKB KYt{B O KX'KCDSeKC
O KDya+KVJKDyC
XWGH
[KDJSKDuMHB
t{B O KXpVKBB GQVdK<ZSK`KCdeSDKOh
v
XJC
KB KXw]RVGZSHKXZ3KBB KV+ZSK[K[DKDU`QYrzDSDKD^IFa_KVJSKDUm#KVWqMeVKDYKC
DS[KW eSV OI
JCK9JSCK\[KX'KC
DSBMXpK\}9QSO `QDS[NEGDUt{B OKX'VKBB GQSV dKD'JQVde'X'KeVKVK\\GX'kSGDKDFO KD
KVH
MQZ3KD^IFMQde'a+KDD'JSCKBREGD'JSKDUt{B OKX'VKBB GQVdKDYB KHZSB O_DC
deFO_QDFOKVB O O`O_a9C
V J
T9Z3B deSDC
O OhŁh
v
XwJC
K<]#GVOCKV Z3MVrKC
O+`QyKVXpzF[HC
deKD#IFa9QVJKDUZSKVKC
OB+mRKVWqMeSV KDU`QV9`C
KH
kH
MOO P
W
GVXpQDSMZeSsDS[C[KDYT9DWGVJKVQD3[\EGDUtF{B O KX'KCDeSKCOKDYX'COOKH
B+MrFOC
EKV+\GX'kSGDKDP
O KDZ3KVKC
O[KB OKH
HOh+T9H
H
KVJC
DS[BUB OKH
HKDDSCdeFOUMH
HK

C
KH
B {B OKX'KuJC
Ki[H
KC
deKD_{FkSKD
EGDyt{B OKX'KCDSeKC
O KD'`QV+m#KV W [QSDS[FIBGpJSM JC
K\T9DSWGVJKV QSDS[NEGD'Z3KB OCX'XpO KDUt{FP
B O KX'VKBB GQVdKDUMQSW3[Ka9CBB KD

C
KH
B {B OKX'KD'DSCdeFO_X'zF[H
CdeYC
B Oh
v
XJCKB K\xRCD3B deSVsDP
rFQDS[NMQW`QeKZSKD'GFJKVR`QSXpC
DJKB O#`QpEKVV C
DS[KVD^Ia+KVJKDpEFC
VO QSKH
HK\tF{B O KXpKCDeSKC
O KD
KCD3[KW eVOpT9Z3B deSDC
O Oh Łh
	
 ﬀﬁﬂﬃ
 !#"$!#" %ﬀ&('#)+*-,.-/$&-'0123546&-7-7829$.-:-&(3
L9C
K UzF[HC
derKC
O KDiJKVp[KX'KC
DSBMX'KDj}9QSO `QSDS[UEGD|t{B OKX'VKBB GQVdKDjJQVdejEKV P
B deSCKJKDKp^KCH
K<JKV ^zFBQSDS[B CX'kH
KX'KDFOC
KVQDS[YB CDSJyCXo[VG KD uM K<EGXoR{FkyJSKV
t{B O KXpVKBB GQVdKDuMZeSsDS[C
[h
L\CKUKVBOKUNH
MBB KUB C
DJjJC
KYVKMH_OKC
H
ZSMV KD~t{B OKX'V KBBGQVdKD^I^Z3KC+JKDKDjKC
DKI#CD
B Cdej[KB deSHGFBB KDKUt{B OKX'VKBB GQSV dKI3CDiJKV6 ^M[KpCB OI^B C
deuC
DiEKVB deSCKJSKDK'HGF[C
B deK
   (<2^,-F,1 1,-6579%,-R;3:- =A" ,-F.-," =
	 
 


 

	 
 


 

 	  


 


 


 

Addie
re
r1
Addie
re
r2
!R" $ %(ﬁﬀ(ﬂ3,"$ ,5N," 5,-ﬃ_,11 :6-/,+%6-/0! ," = $ " /0,#"/0./0 =>,$6579%,-%$67- " &F,
^KC
HKY`QjOVKDDSKD^h#xRC
D('+KkSVsB KDFOMDFO<JC
KB KV'\H
MBB KYCBOp`h \h^KC
D~tkSKCdeKV Z3MQ3B O KC
D^h
L\CKB KV9CB O9C
DyJKV #M[KI3LNMOKDyC
DyKC
DKXJKgDC
KVO KD
v
X'WqMDS['`QuB k3KC
deKVD^h3xRV9Hs O
B C
deMZSKVUJQVdeSMQSB'C
D~X'KeSV KV KuH
G[CB deSKu^KC
H
KyOVKDDKD^I_CDJKX JKVytk3KC
deKVYC
D
EKVB deCKJKDKYT9JSVKBB ZSKVKC
deKYMQWq[KOKCH
O<a+C
VJ^h)KJKVNJSCKB KV<^KC
H
KYB O KHH
ONJSCKY[H
KC
deK
[V QSDJH
K[KDJK'QSDrFO C
GDua9CKpJC
K'[KBMXpOK'+KBB GQVdKpZ3KVKCONQDJ b>KJSK'^KCH
VKBB GQVdK
rMDD<C
eVK_QDSrFO C
GDNQSDSMZeSsDS[C
[9EGD<JKDpMDSJKVKDp^KC
HVKBB GQVdKD<KVW H
HKD+* h9H
KC
deKB
[CH
O9`Fh \hSW V\KC
DKDuL uT9P_GDFOVGH
H
KVIJKV9EKVB deC
KJKDSK<QDSMZeSsDS[C[K'L uT9PNMDSsH
K
ZSKV KCOB OKHH
Oh
xRC
DK'`a_KCOK'NH
MBB KpEGD,'9KBB GQVdKDuHMBB KDiB C
deuDSCdeFONC
DuJC
KB KV<GVX MQWO KCH
KD^h
_KCSC
eDKD'rMDDYMZ3KV_C
D'EFC
KH
KDU#sH
HKDYJC
KNm#KVW [ZSMVrKC
O_JKV+QDrFOCGDSMH
COsO_`KC
OHC
de
`a9CB deSKD<JKD<EKVB deCKJKDKDpkSGOKDFO C
KH
H
KDp}9QO`KVDpJKV'+KBB GQVdK9MQWq[KOKC
HO#a+KVJKD^I
a9CK<JC
KB+C
Dy_C
HJ hNJSMV[KB O KHH
O9C
B Oh
v
X JSCK

QS[VC-SK'JSKV<EKVB deC
KJKDKDj}9QSO `KV<`Qj^VKDDKD^I^a+C
VJiJKV<`QjO KCH
KDJSKD
'+KBBGQVdKYKC
DjT9VZC
OKV<EGV[KB deSMHOKOh#L\KVpT9VZC
O KVpBOKH
H
O b KJKX ^KC
H
DKeX'KV<KCDSKD
B KkSMVMO KD

QS[MDS[N`QV+[Ka D3B deFO KDUQDrFOC
GD3MH
C
OsO_`QV9m#KVW [QDS[NQSDJ'H
KC
OKO_JC
KB K
T9DWVM[KD'MD'JCK.'+KBB GQVdK+a+KCOKVIJCK9JSMDDpJC
K+KC[KDFO H
CdeSK9m#KVMVZSKC
OQDS[NMQ3B W eVOh
\HKC
de`KCOC['MQWOVKO KDJKpT9DSWVM[KDyX BB KDy`KCOH
Cdei[KB de3MdeFOKH
O9a+KVJKD#Ia+GZSKC#KB
EGX [Ka+seH
OKDT9V ZSCOVCKV QSDS[BMH[GVC
O eSX<Q3BUMDeSsDS[C[jCBOI+C
Da_KHdeKV/'+KCeKDWGH[K
JC
K

QS[V C-SKNZ3KMVZSKC
OKO+a+KVJKD#hL\CKB KB+mRKVWqMeSV KDUC
B O\MZ3KV9DFQV\MQW'9KBB GQSV dKDyMDP
a+KDJZSMVIJKVKD'T9Q3B[MDSB `Q3B OMDJpD3MdeYT9QSB W eVQD3[9JSKV_FQSDrFOCGDpa9C
KJKVeKV[KB OKH
HO
a9CVJ^h
0
WO#OVKOKDpZSKCJSK9T9VO KD'JKV_^KC
HZ3MVrKC
OR[KX'KC
DSBMXMQSWh_KOVMdeFOKORXYMDp`h \hJSKD
GZSKD3[KDSMDDFO KDpMH
HKC
DKBRtk3KCdeSKVZSMQSB O KCDSKB3DSGFde<KCDXYMHF[KD3MQKVIB O KHH
O^XYMD<WKB OI
JSM `a9MV#JKV+tkSKCdeKVRMH
BRB GH
deKB#VKMHFO KCH
ZSMVIJKV

Q3[MDS[9`Q<JSKDYtkSKCdeKV WQDSrFO C
GD
MZSKV\DFQV\`KC
O H
C
deu[KO VKDDFO\a_KV JSKDyrMDD#IJSM'DFQV9KCDSK'tdeDC
O OB OKH
HK<W V\JKD

QS[VCﬁ-
ZSKV KCOB OKeFOh
v
XB GHdeK<+MQSB OKC
DKNO KCH
KDU`QUrzDSDKD^IX BB KDyB Ga_GeH3JSKV9T9JSV KBBVMQX[KO KC
H
OI
MH
B9MQdeyJKV

QS[VCﬁ-iMQW#JC
KptdeSDCOOB O KHH
KN`KCOHC
dey[KXpQH
O C
kH
K1FO9a+KVJKDjq_C
HJ h Łh
2354 675894 7:%;<767=>5?@7A:4 6CB@?D>4 <?E:6=5FG64 HI67JK@=>64 ?=5J6>7KHI>6>LMCK>6?EN@#FG64 HI67?POPQARS:4 6T
=6EB@?D>4 <?!K@=U V=6?WN@XDV??6?LYR ==6?X?K> 7U 4 HIX:4 6%6?>=G76HI6?:6?XZAK@=>64 ?=HI?4 >>=>6U U 6?WJP6:4 6?>
8Y67:6?O[!4 6C:4 6=65N@%>64 U 6?%=4 ?:PL894 7:%?<HI%N@%67U \@>67?%=64 ?PO
( ﬀEﬃ_,1:6-/,10.- " 57  &
v
XMQSdeyMQSW^JSCKB KDUDSCdeFO9EGH
H
B OsDJC[<VKMH3OKC
HZ3MVKDutF{B O KX'VKBB GQVdKDUX'KeSV KV K
MrFOC
EKpNGXpk3GDKDFOKDyC
X'kHKXpKDFO C
KVKDy`QyrzDDSKD^ISX BB KDyJC
Kp_KB deVKC
ZQD3[B X'zF[P
HC
derKC
O KDyJKV\MrFOCEKDu\GXpk3GDKDFOKDUKV a+KC
O KV O9a+KVJKD^h
 !#"$! :-:-&-7-7 2.80#7
xRCD'a9CdeFOC[KV+]RQDrFORZ3KCJKV_^KC
HQSDS[\DC
deFOREGH
HB OsDJC[\VKMHOKC
HZSMVKV+tF{B O KX'KCDeSKCP
O KD<Z3KB O KeFO^J3MVC
D^IX'KeVKVKDp^KC
HDSKeX'KVDNKCD<KC[KDSKB

DFO KVWqMdKRW V^JC
K_T9DSB OKQKV QSDS[
JKV\[Ka DSB deFOKDyQDSrFO C
GDUZ3KVKCO`Q3BOKH
H
KD^h
v
XJC
KB9`QyQDFOKVB O O`KD^Ia+KVJKDuMrFOCEKp\GX'kSGDKDFOKDyQSXT9ddKBB kSGVOB9KVa+KCP
O KVOh#xRC
DjT\ddKBB kSGVO<QX'WqM O<eC
KVZSKC9MH
H
K'W VpJC
KYT9D3B O KQKVQDS[yKCDSKV<Z3KB O C
X'XpO KD
FQSDrFOCGD'DGOa+KDJC[KDY]^GVOBh
v
XKC
DKD'DKQKD'T9ddKBB kSGVOR`Q'KVeSMHOKD#IX<Q JC
KB KV
ZSKC#JSKVNMrFOCEKDi\GX'kSGDKDFOKpQDFOKVNT9D3[MZSKpJKVN[Ka DSB deFOKDiFQSDrFOCGD^ISJSCK Z3KV
JCKB KDUT9ddKBB k3GVO_KV VKC
deFZSMV+B KC
DUB GH
HIFMDS[KWGVJKV O+a_KVJKD^hFL\CKN\GX'kSGDKDFO K\XpQ
eCKV `Q ZSKV kSV WKD^ISGZiB C
K ZSKV\KC
DK

XpkSHKXpKDFO C
KVQDS[YEKVW [OISJSCKpJSCK'[Ka DSB deP
O K<T9D`MeSH3EGDyT9ddKBB kSGVOB+QDFOKVB O O `Oh

B O+KC
DK<[KKC[DKOK

X'kH
KX'KDFOCKVQSDS[<DC
deFO
EGVeSMDJKD#IrMDDUrKC
DUDSKQKV\T9ddKBB kSGVO+KV `KQS[O9a_KVJKD^h
T9QWq[MZSKpJSKV<MrFOC
EKDi\GX'kSGDKDFO KpCB ONKB\DFQD^I3KC
DK

X'kH
KX'KDFO C
KVQD3['`QuKV`KQP
[KD^IJCK+W V#JC
K_`KCOH
CdeK9^VKDDFQD3[9JKV#DC
deFO#V KMHFOKC
HZ3MVKD'_KB OMDSJOKCH
K_QSDJ<W V#JCK
T9QWO KCH
QDS[NJKV_VKMHOKC
HZ3MVKDY+KB OMDJSO KC
H
K9JKV9t{B OKX'V KBB GQVdKNBGV[Oh9C
KV`Q'rzDP
DKD b>KJKX T9ddKBB kSGVORT+OOV C
ZQOK+`Q3[KGVJDSKO#a+KVJKD^IJC
K9MD3[KZSKD#Ia+KHdeSKVR+KVKCde
JKBRVKMHSO KC
H
ZSMV KD '9KBB GQSV dKDFO KCH Z3KV_JC
KB KDYT\ddKBB k3GVO+MD`QSB OKQKV DYQDJYa+C
K9JSKV
T9ddKBB k3GVONZSKCRJKVNT\V ZSCOVCKVQSDS['`Que3MDSJeSMZSKDuCB Oh39ZSKVNT+OO VC
ZQOKpJC
KpJKVNMrFOCP
EKD'NGX'k3GDKDFOK9`QS[KGV JSDKO_B C
DJ#IrMDD'JC
K\T9QSB a9MeSHJKB_T9VZC
O VC
KVQS[BMH[GV C
OeX<Q3B
ZSKKCD	SQ O+a+KVJKD#h
yCO_JC
KB KDY+KB deVKCZSQDS[B X'KOeGFJKD'rMDD'JKV_xRDFO a+C
drFH
KV_CX]RVGF[VMX'X KP1FkH
C`C
O
JCK yz[H
CderKC
O#JKB'+KB GQVdKB e3MVC
DS[B^EGVB KeSKD^hT9DFa+KDJQD3[9a9CVJpJCKB#MZSKV#e3MQSkO P
BsdeH
C
deiC
D|B GH
deKD|RsHH
KDjgDJSKD^I^C
DjJKDKDjJKVp]RVG[VMX'XpC
KVKVpJKD~tFMdeFEKV e3MH
O
ZSKB deVKC
Z3KDpa9C
HHIJSM Z3KCJKV+[K[KZ3KDKD']RVGF[VMX'X'HGF[CrpJC
K9[KX'KC
DSBMX'K9}9QSO `QSDS[
JKV.'+KBBGQVdK<EGVOKC
HeSMWO9C
B OhSxRCDu_KCB kC
KH^eCKV W V+CB O9CDu_C
HJ Fh
<JSMV[KB O KH
H
Oh
9C
KV+B GHH b>KJSKV_JKV_`a_KC3^KCH
DKeX'KV+MQW3KC
DKDYKC[KDKDytk3KCdeSKVZSKVKC
deY`QS[V KCWKD
rzDDSKD^hRLNMyJCKy^KC
HDSKeX'KV'MZ3KV'B GuEKVB de3MH
OKO'B CDSJ^I#JSM b>KJKV'^KCH
DKeX'KVpDFQV
Speicher
Data
R/W
Adr
Arbiter
Data1
R/W1
Adr1
Data2
R/W2
Adr2
Data
R/W
Adr
+
BasisAdr1
Mux
+
BasisAdr2
!#"$ %(  (ﬂ3,"$ ,5<,"5,1%"?F," /0,-.61 =>," 51
 P (<2^,-F,1 1,-6579%,-R;3:- =A" ,-F.-," =
AK_RAM
Speicher
Data
R/W
Adr
 Arbiter
BlockID: 
1
BlockID: 
0
Data
R/W
Adr
Data
R/W
Adr
+
Basis
Adr0
Speichercontroler 
u. Arbiter
Data
R/W
Adr
+
Basis
Adr1
Attributs: No_Arbit
Finished
Start
Finished
Start
AP1
AP2
!R" $ %(  (@?F$"  " , =>,+2^,-4#,5%F657\%,1ﬃ_,1 :6- /,1 0.- "571
JSMDDYMQSWSJKDYtFkSKC
deKVR`Q3[VKC
WKDprMDD^Ia_KDpJKV_MDJSKVK+KC
DKD

Q3[VC-YMZS[KB deH
GFBB KD
eSMOIFOVKOKDUrKC
DK<[KX'KC
DSBMX'KD

QS[VC-SK<MQW h
uMD|rMDD~DFQD|`QSV'9KMHCB C
KVQDS[uJKVUtk3KC
deKVWQDrFOCGD|KCDKu\GX'kSGDKDFOKUEKVP
a+KDJKDqT\E'\T iŁI^W VpB C
KY`a_KC+T9ddKBB kSGVOBNKV`KQS[KDjQDJ b>KJKDiJKVp^KC
HDKeP
X'KV ZSKVYKC
DKDT9ddKBB kSGVOYMQW\JSCKitk3KC
deKVWQDrFOCGD~`Q3[VKC
WKD~H
MBB KD^h
v
X JSKD
tk3KC
deSKVZSKVKC
dej`QjJKgSDC
KVKD^IRMQSW9JKD|KCD~T9ddKB B k3GV Op`Q3[VKC
WOI^a9C
VJ b>KJKX T9dP
dKBB k3GVO\KC
DKpKDFOBkSVKdeKDJSKp_H
GFdr

LMHB\T+O OVCZSQO\`QS[KGVJDKOh3L\CK'_HGFdr

L VKWKP
VKD`C
KVORKC
DK\_H
GFdrFJSKB rFVCkOGVIJKV_[KD3MQKV K

DSWGVXYMO C
GDKD Z3KVRJC
K9xRC[KDSB deSMWOKD
JKBRMDS[KWGV JSKVO KDYtkSKCdeKV Z3KVKC
deKB#KDFOeSsHOhLNMN[KX'KCD3BMX'K

QS[VCﬁ-3K+JQVdepZ3KC
JK
^KC
HDSKeX'KV\MQSB[KB deSHGFBB KDyB C
DJ^Ia+C
VJUW V\T\E'\T oKCDyT+OOV C
ZQOpq}
0
+T.'\

\Ł
KV`KQ3[OI^JSMBNJC
KB KD|tMdeFEKVeSMHOpMD`KC
[Oh^L\C
KY\GX'kSGDKDFO KUT\E'\T  rMDDjDQSD
C
eVK

X'kH
KX'KDFOCKV QSDS[<J3MJSQVdeUKV`KQS[KD#IFJSM BC
KN`a+KC
v
DFO KVrGX'kSGDKDFOKDyMDH
K[Oh
L\CKNKC
DKNJC
KDFO+JKV#'+KBKV EFC
KVQD3[<KC
DKB\tkSKC
deKVZ3MQSB OKC
DSBIFJKV+JC
KN`QyB kSKC
deKVDJSKD
LNMOKDuMQWDC
XpXpOIJCKpMDJKVK<V KMH
CBC
KVO9JKDuT9VZC
O KVIa+GZSKC#B C
deUJC
KB KV9C
X[K[KZ3KD
SMHH+JSMVMQW9Z3KB deVsDrKDjrMDD^I#JC
KytFC
[DSMH
KY`a9CB deKD|JKD~^KC
HDSKeX'KVD|QDJ|JKX
tk3KC
deSKVZSMQSB OKCDy`QUXpQH
O C
kH
K1FKD#h

DpEFC
KH
KD'MDJKV KD'RsH
HKDpa9CVJ'X'MDYMZ3KVRJC
K9m#KVa+KDJSQDS[\QDSMZe3sD3[C[KV_\GX'kSGP
DKDFOKDyEGV`C
KeKD#IFJ3MpeCKV X'C
O9GW
O9KCDK<a_KCOMQSB+C
DFO QC
OCEKVK<+KB deVKC
ZQDS[pJKVNtFMdeP
EKVeSMHOKpX'zF[HC
deiC
B Oh^T9QSB\JSCKB KX 9VQDSJuX BB KDjMQdeiRsHH
KpQSDFO KVB O O`ONa+KVJKD^I
ZSKCRJKDKDuX'KeV!'+KBB GQVdKDiC
DiGVXoEGDj\GX'kSGDKDFOKDjMDS[KWGVJKV ONa+KVJKD#I^MHB
MQW#JKX

C
KHB {BOKXwVKMH^EGVeSMDJSKDyB C
DJ^h
 $!#"$! 90 2 ,0#'#78:
	 &-7646&(7829$.-:-&-7	 ,.-'#3
L\KVy[VQDSJH
K[KDJKiT\DSBMO`uZ3KC
X MQSO GXYMO CB deKD '9KB GQVdKB eSMVCD3[jZSKB OKeFOUJSMV C
D^I
X'KeVKVKpMrFOCEKpNGX'k3GDSKDFOKDyJKB\[H
KC
deKDu_{FkSB9`QyKCDSKV\KCDS`C
[KDiMrFOC
EKDu\GX'P
kSGDKDFO KN`QYEKVB deX'KH
`KD^h_KCSJSCKBKXwm#GV[KeSKDYJ VW
KDUMZSKV+a_KJSKV+JC
K\KC[KDFO H
C
deK
 3zFB QD3[B Z3KB deVKC
ZQDS[IDGFdeUJSKVKDyQDSrFO C
GDSMHC
OsO\[KsDJKVO9a+KVJKD^h
( ﬀEﬃ_,1:6-/,10.- " 57   
AK1
AP1
AK2
AP1
AK1AP1
AK2
AP1
A
K
1&
2
APa
APb
!#"$ %(  (23,-1/0
9,$  ,5<8:5 	+:
9?F:5,5 =>,5
v
X JC
KB'`QKVKC
deKD^I_a9CVJKCDSKyDKQSKuMrFO C
EKu\GX'kSGDKDFO KuJKBY[HKCdeKDR{Fk3B
KV`KQS[Oh+ V b KJKuQSDrFO C
GD~a+KVJKDT9ddKB B k3GV OB'C
DJKX
v
X'WqMDS[jMDS[KHK[OI_a9CK
B CKNJSKVNtQX'X'KNJSKV9EGDyJKDU`QUEKVB deX'KH
`KDJKDy\GX'kSGDKDFO KDyZSKDFQO `O KDuT9ddKBP
B kSGVOB\W V\JC
K b>Ka_KCH
C
[K'QDrFOC
GDuKDFOB kVKdeKD#h

QSBsO `H
C
deya9C
VJyJSCKpDKQSK<KV `KQS[O K
\GX'kSGDKDFOK9W V9MH
HK\`QYEKVB deX'GH
`KDKDY\GX'kSGDKDFO KDYMH
B
v
DFO KV rGX'kSGDKDFOK9KCDP
[KO VM[KDuQDJiB GX'C
ONMH
B

X'kHKXpKDFO C
KVQDS[YJKV b>Ka+KC
HC[KDi\GX'kSGDKDFO KpZ3KeSMDJSKHOI
a+MBNJ3MJSQVdeiEKVEGH
HB OsDJC[O<a9CVJ^I#JSM JC
KYT9ddKBB kSGVOBNJKV<`QjEKVB deSXpKH`KDJKD
\GX'kSGDKDFOK ZSKVUKCDSKuL\Ga9DP RGDDSKdOCGDXpC
OYJKX KDFOBkSVKdeKDJSKDT9ddKBB kSGVO
JKVpEKVB deSX'GH
`KDSKD|\GX'k3GDKDFO KUEKV ZSQDJKD|a_KV JSKDq_C
HJ Fh  Łh _KC9QDrFOC
GDSKD^I
W V9JC
KNKCDSKNDC
deFO\MQSB VKC
deKDJK

MeH^EGDuT9ddKBB kSGVOB9ZSKVKC
O[KB OKH
H
O9a_KVJKDUrMDD^I
C
B O9JC
KB KB9mRKVWMeVKDuMH
H
KVJC
DS[B+DC
deFO\MQSB VKC
deKDJ#h
\KeFO\XYMDiMZSKVN`QV dry`QSXoT9Q3B[MDS[B kVGZH
KXyISDC
deFO\EGHHB OsDSJC
[YOKC
HZSMVK'+KBP
B GQVdKD~OKC
HZSMVY`Q[KB OMH
O KD#IRa9C
VJ~XYMD~WKB OB O KHH
KD^I_JSM JC
KB KS'9KBB GQSV dKD~DC
deFO
JCVKrFO9OKCH
ZSMV9B C
DJ^ISMZSKV9GW
O9JQVdey\GX'kSGDKDFO KDyMDS[KB OKQKV O9a_KV JSKD^IFJSCKNX'KeVKP
V KpT9ddKBB k3GVOB+QDSJUJSMX'CO\MQdeyJSMB.'+KB GQVdKB eSMVC
DS[pQDFOKVB O O`KD^h

Dy_CH
J h
\a9QVJK\KCDSK<tkSKCdeKV rGX'kSGDKDFOK\JSMV[KB O KHH
OIJC
KNB C
deYJQVdeYJC
KNm#KV P
a_KDSJQDS[p`a+KC
KV9a_KC
OKVKV\\GXpk3GDKDFOKDUC
X'kH
KX'KDFO C
KVOhL\C
KNKC
DK<\GX'k3GDKDFO KNVKP
kVsB KDFOC
KVO#JKD<DSCdeFO#EGHHB OsDJSC
[9OKC
HZSMVKDYtkSKCdeKV Z3MQ3BOKC
D^Ia+GeSCDS[K[KDpJC
K_`a+KCP
O K\NGX'k3GDSKDFO KFIJC
K9JKD

QS[VCﬁ-yMQW3JKDYtFkSKC
deKVZSMQSB OKC
DYB O KQKVOIX'KeVKVK\T9ddKBP
B kSGVOB_W V_JKD

QS[V C-yMQW3JC
K<tkSKCdeKV WQDSrFO C
GDKDYZSKVKC
O+B OKH
HOh
n
CK\ZSKCSJSKVMVOC
[KD
\GDSB OKHHMO C
GDUKC
D/'9KB GQVdKB eSMVCD3[<X'zF[HC
deUCB OIF`KC
[O\_C
HJ FhFh
9C
KVNa+C
VJuJC
KYtk3KC
deSKVdGDFO VGHH
KVPNGX'k3GDSKDFO K'a+C
KpZCB eKVI3JQVde

QSMX'XpKDWqMBP
B KDyJKVNT9ddKBB k3GVOB9C
DyKC
DKpKC
D`KH
DKpNGXpk3GDKDFOK Z3KVW eVOh3_KC#JKVNmRKVB deX'KHP
`QDS['JKV<tkSKCdeKV rGX'kSGDKDFOKDya9QVJK b>KJGFdeuB GYEGV[K[MDS[KD#IJSM DSCdeFO9JSCKpT9DP
`MeH^JKVNT9ddKB B k3GV OBISB GDJKV DyJSKV9KVWGVJKVHC
deK!'9KBB GQSV dKDFZSKJ3MVW_MD3[KkSM O\a+QSV P
JKh^L\CKBKYT9DGVJDFQD3[YrMDDiDFQDjMQSW_KC
DjtF{BOKX XpC
ONDFQVNKCDSKX tk3KC
deKVZSMQSB OKCD
MZ3[KZSCH
JKOpa_KVJKD^h#x_BNZSHKCZOpDFQDjJC
KYVM[KY`QjrFHsVKD#I^C
Dia+KH
deKD|RsH
H
KDjJCKBKB
m#KVWqMeSVKDpMDFa+KDJSZSMV^CB O^QDJ<a9C
KRZ3KB OCX'XpO^a+KVJKDpB GHHIa9C
KRJSCK

QSBMX'X'KDWqMB B QSDS[
JKVcb>Ka+KCH
C[KDy\GX'kSGDKDFO K<KVW
GH[KDUrMDSD^h
v
XeC
KV+`QyMDFa_KDSJZSMVKD '9K[KHDU`QU[KHMDS[KD^IFX BB KDY`a+KC3EKVB deSCKJKDK<T9VO KD
EGD]^GVOB'QDFOKVB deC
KJKDa_KV JSKD^h+L\CKuZCB eKVyMX eSsQSgS[B O KDEKVa_KDJKOKD]#GVOB
JCKDKD~JSM`Q^IRJKD

Q3[VC-MQWNJCKuQDrFOCGDKD|JKVY\GXpk3GDKDFOKU`Q~KVX'z[H
CdeSKD^I
a_KB e3MH
Z|B C
KUMQde|ZSKC_JSKV'xRV`KQS[QD3[UJSKB<KDFOB kVKdeKDJKD~T9ddKBB k3GVOB<JQSkH
C`C
KVO
a_KVJKD^h
   (<2^,-F,1 1,-6579%,-R;3:- =A" ,-F.-," =
AK_RAM1
Speicher
AP1
Speicher
controller
IP1 AP1
AK_RAM2
Speicher
AP1
Speicher
controller
IP1 AP1
AK_RAM1
Speicher
AP1
Speicher
controller
IP1 AP1
AK_RAM2
Speicher
AP1
Speicher
controller
IP1 AP1
Speicher
AP1
Speicher
controller
IP1 APa
APb
3 KB
1 KB
1 KB
3 KB
4 KB
!#"$ %( &(96 =>:
9. =A" 1/0,1ﬃR,1:6-/,10.-" 57 
\" ==>,$ 1 
\?F$ , 
\,5 =A" ,- 6571 ?F:->=>1

X \K[KDSBMO`U`Q|JC
KB KD~QDrFOCGDSB k3GV OB'[C
ZO'KB<DSGFdejJSCKu\VQkk3KUJKV

X'kH
KP
X'KDFOCKV QSDS[Bk3GV OBh3tC
K<JC
KDKDyKC
DKV\NGX'k3GDKDFOKNJ3M`Q^ISMDJKVKp\GX'kSGDKDFOKDuMDP
`QSB kSV KdeKD^IQXX'CO_C
eVKV 9CH
WKIJSCK9KC
[KDKNFQSDrFOCGDSMH
COsORZ3KVKC
OB OKH
HKDY`Q'rzDSDKD^h

eSV KyT9D`MeH+CB OpW VpKC
DKD|[K[KZ3KDKD~R{Fk|EGD~\GX'kSGDKDFOKYQSDFEKVsDJSKVHC
dejQDSJ
JSMX'CONMQdeuQDSMZe3sD3[C['EGDuJKVNT9DS`MeH#JKVNT9ddKBB kSGVOBh3]#GVOBISJC
K ZSKV

X'kH
KP
X'KDFOCKV QSDS[Bk3GV OBREKVZQSDJKDUB CDSJ^IX BB KD'Z3KC
Xm#KVB deX'KH
`KDYDC
deFO_EKVEFCKH
WqsHOC[O
a+KVJKD^I_JSMiJSCKuEKVB deX'GH
`KDKi\GX'kSGDKDFOKuEGX [HKCdeKD_{Fk~a9C
KyJC
Ky`Q~EKVP
B deX'KH
`KDJSKD|NGX'k3GDKDFOKDjCB OpQDSJ|B GX'CO'MQde|JC
KU[HKCdeKyT9D`MeSH_EGD

X'kH
KP
X'KDFOCKV QSDS[Bk3GV OB9MQWa+KC
B Oh
x_BYrMDDMZ3KVUDGOa+KDJC[|B KC
D^I+JKD
v
X'WqMD3[iJSKV

X'kH
KX'KDFOC
KVQDS[B VKBB GQSV dKD
MD`Qk3MBB KD#IRJC
KyW VYJC
Ku\GX'k3GDSKDFO KFIRJC
KyX'C
O'C
eVKX ]#GVOYX'COYJKX

XpkSHKXpKDP
OCKVQD3[B k3GV O9EKVZQDJSKDUC
B OIF`QSV#'9KMHCB CKV QSDS[<JSKV9[Ka D3B deFOKDyQDSrFO C
GDUZSKDSzOC[O
a9CVJ^h
+KEGV<JC
KB KYm#KVB deX'KH
`QDS[B EGVB deVC
WO KDiMDS[Ka+KDJSKONa+KVJKDirzDSDKD^I^X<Q [KP
kV WO+a+KVJKD^IFGZUKC
DKNmRKVB deX'KH`QDS[ ZSKVeSMQkO9XpzF[HC
deUC
B Oh9ZSKV+JKDUWGH
[KDJSKD
T9H[GVC
O eXpQSB+rMDDUJC
KB KVNtMdeFEKVeSMH
O+KV X'C
OO KH
O9a_KV JSKD
hNtCDSJUJC
KN`QUEKVB deSX'KH`KDJKDy\GX'kSGDKDOKDyEGX[H
KCdeSKDy_{Fk	
}9KC
D
 ﬀﬁﬀﬂﬃ !#"$ﬂﬃ
h\NMDDUJSCK<EKVB deX'GH
`KDKp\GXpk3GDKDFOK<[KD [KDJuT9ddKB B k3GV OB+KV`KQS[KD	
}9KC
D
 ﬀﬁﬀﬂﬃ !#"$ﬂﬃ

hNtCDSJjMQSB VKC
deKDSJ

X'kHKXpKDFO C
KVQDS[B VKBB GQVdKD+`h \hRtk3KC
deKVZSKVKC
dejGFJKV
 3GF[C
rF`KH
H
KD3Ł_W V9JC
KNEKVB deX'GH`KDK<NGX'k3GDSKDFOKNEKVW [Z3MV
}9KC
D
 ﬀﬁﬀﬂﬃ !#"$ﬂﬃ
 h\ V9\GX'kSGDKDFOKD^IJCK Z3KV+KC
DKD

XpkSHKXpKDFO C
KVQDS[B k3GVO+X'C
O+JKV9MrFOQKH
H
KD
\GX'kSGDKDFOKNEKVZQDSJKDuBC
DJ

tdeSV C
OO&%
( \2+" - =A6,$ $ ,#" 1 =>, 
9," 50," =A,5  )
L\CKB KB+m#GV[KeSKDYZ3KV drB CdeFOC[OIFJSM JSCK<m#KVB deX'KH
`QDS[<EGDU\GX'kSGDKDFOKDUDFQV
JSMDDUKVWGH[KDyrMDD#IFa+KDDyJC
KB+JQSV deuMHH
KNX'C
O9CeSV9JCVKrFO9GFJSKV9CDSJC
V KrFO+EKVZQSDJKD
V KHKEMDFO KDu\GX'kSGDKDFOKDyQDFOKVB O O`O9a9C
V J#h
yCONJSKXoeC
KVNEGV[KB O KH
H
O KDim#KV WqMeVKDiCB ONKB\DFQDiX'zF[H
C
de^I3ZSKCR`Qi[KVC
DS[KV<T9DP
`MeHSJKV9t{B OKX'VKBB GQVdKD^IFJC
K\EGDYKC
DKV 3zFB QDS[B Z3KB deVKC
ZQDS[pMDS[KWGVJKV OKDyt{FP
B O KX'VKBB GQVdKDuC
DuEFCKHKDiRsHH
KDiB Ga+KC
O\`QuVKJSQ`C
KVKD^ISJ3M KC
DK

X'kH
KX'KDFOCKV QSDS[
MQSW#JKX[Ka D3BdeFOKD

C
KH
B {B OKXX'z[H
Cdeya9C
VJ^hSL\QVdeyJC
KB KB\m#GV[KeSKDyrMDDyJSKV
xRDFOa9CdrFH
KVYKVXpQO C[O'a+KVJKD#IRZ3KC\JKV  3zFB QD3[B Z3KB deVKC
ZQDS[iJKD[V z O X'zF[HC
deKD
]#MVMHH
KH
C
B C
KVQDS[B[VMJyZSKC^JKVNxRVB OKH
HQSDS[pJKV 3zFB QDS[B Z3KB deVKC
ZQDS['`QyEKV a+KDJSKD^I
JSM9JC
KB^Z3KCSt{B OKX'KDpX'CORMQSB VKC
deKDSJKDYt{B OKX'V KBBGQVdKD<`QSV#ZSKB O X'zF[HC
deKD']^KV P
W
GVXYMDdK9W eVOIW VRrFH
KC
DKVKNt{B OKX'K\MZSKV_C
X'XpKVRDSGFdeYKCDSK\B CDSDEGH
HK.'9KMHCB CKV QSDS[
KVH
MQZOh
v
XJC
K yzF[H
C
derKCO_JKB%'9KB GQVdKB eSMVC
DS[B_MQOGXYMOCB de'JQVdeW eVKD'`QYrzDDSKD^I
X<Q B CKuC
DJKD
v
XYB KO`QD3[B kVG`K KC
DS[K[HC
KJKVOUa_KVJKD^h9tC
KurMDDB C
DDFEGH
H\Z3KC
JKV9]#HM`C
KVQDS[NJSKV+NGX'k3GDKDFOKDUMD3[Ka+MDJO+a_KV JSKDYQDJYeC
KV+JCK\X'zF[HC
deKDU]RHMP
`CKV QSDS[B EMVC
MDFOKDuKVa_KCOKVD^h^NMDDuKC
DK'NGX'k3GDSKDFO K'DCdeFONkHM`CKV ONa_KV JSKD^I3a_KC
H
JCK9VKH
KEMDFOKDUt{B OKX'VKBB GQVdKD b>Ka+KC
H
BRDFQV_KCDSK9NGXpk3GDKDFOK\MQSWDKeX'KD'rzDDKD
QDJjrKCDSKYQDFZSKDFQSO `O Kyt{B OKX'VKBB GQSVdKY`Q|m#KVW [QDS[uBOKeFOI^GFJKV<KC
DKU[KKC[DSKO K
t{B O KXpVKBB GQVdKNZSKVKC
OB_JQVdeYKCDK<MDSJKVKNNGX'k3GDSKDFOK\ZSKHK[O+CB OIFrMDDUJKV9m#KV P
B QdeUQDFOKVDGXpX'KDUa_KVJKD^IFKC
DK<m#KVB deSXpKH`QSDS[<JSKV9NGXpk3GDKDFOKDUEGV`QSDKeX'KD
QDJyB G'KC
DKp[KKC
[DKO Kp]RH
M`C
KVQDS[pJKV9NGXpk3GDKDFOKN`QyKVV KCdeKD^h
	  ﬁ#	 
	 ﬁﬂﬁ	ﬂ

D'KC
DC[KDYRsH
H
KD'rzDDKD

C
KHB {BOKX'K9JSCK9EGD'KC
DKV ^zB QD3[B Z3KB deVKC
ZQDS[<MDS[KWGV P
JKVOKDjR{Fk3KDiEGD|t{B OKX'KC
DeKCOKDiDC
deFONZ3KVKCOB OKHH
KD#I3JSMUB C
K'DC
deFONC
DuKP1FkH
C`C
OKV
FGVX MQW9JKX

C
KHB {B O KX EGVeSMDJSKD|B CDJ#h
n
KVJKDjJC
KB KUT9VO KDjEGD~t{B O KXpKCDP
eKC
O KD~EGD~EFC
KHKD]RV GF[VMX'X'KD~Z3KDzOC
[OI_B deVsDrFOYJCKBpJSCKuT9DFa+KDJZ3MVrKC
O'JKB

C
KHB {B O KX'B+JSKQOHC
deUKCD^h
xRC
DNO{FkSC
B deKV#SMH
HeC
KVW V#B CDSJpt{B OKX'KC
DeKC
OKD^IJC
KRKB^KVXpzF[HC
deKD#IJSMB#9KB MXpO P
B {BOKX`QV drF`QSB KO`KDU9H
GZSMHY'+KB KOŁ3GFJKV#W V^J3MBR\KBMX<OB {B O KXJC
K+T9QSB W eSV QSDS[
JKVR[KBMX<OKDpT\kkH
CrMOC
GDp`Q'BOMVO KDU9H
GZSMHtFOMVOŁhL\CKBK9QDrFOCGDSMH
COsO#a+C
VJ<Z3KC
JKV

DCOCMH
CB CKVQD3[NJKB+\KBMXpOB {B OKXYBREKVa_KDJKO_QDSJ'rMDSD'EGD'KC
DKV+\GX'kSGDKDP
O KpJSM`QyZ3KDFQO`O\a_KVJKD^ISKCDSKDyJSKgDC
KVOKDuT9DWqMDS[B `QSB OMDJyeSKV`QSB OKHH
KDuZ`a<hSJCK
T9QSB W eVQD3[<JKV\T9kkH
CrMO C
GDU`QyBOMVO KD^hL\CKBK<QDSrFO C
GDSMHC
OsO+rzDDFOKN`a+MV+WKBO9CD
JCK  ^zB QD3[B Z3KB deVKC
ZQDS[<rGFJSCKVO_a+KVJKD#IX OKNMZ3KV_J3MDSD'WKB OKNT9DDSMeX'KD Z3KV
JCKutOVQrFO QSVpJKB

CKH
B {B OKXYB<XYMdeSKD^hRL\CKB Ky_KB deVKC
ZQDS[yCB OpDFQV'B KeV'B deH
KdeFO
kSGVO C
KVZSMVh
n
seSHO<X'MDieC
DS[K[KDiJKDjT9DSBMO ` Z3KVNJSCKYT9DWGVJKVQDS[UKC
DKVNKDFOB kVKdeKDJKD
t{B O KXpKCDSeKC
OIrMDD<JSKV

DC
O CMO GV#JKVRT9rFOCGD<QDSJ<JC
K+T9V O#QDSJ
n
KC
B KIa9CK_JSCK

DWGV P
X'MOCGDYC
DDKV e3MH
ZYJKB+tF{BOKXYB_EKVO KCH
O_a9C
VJ^IJSQVdeYJSMB

C
KHB{B OKXwB KH
ZSB O_JSKgDC
KVO
a_KVJKD^h 9C
KV`QpXpQ C
DDKVeSMH
ZpJKV

CKH
B {B OKX<Z3KB deVKC
ZQD3[9KC
DK\tF{B O KX'KCDeSKCORJKP
gDC
KVO+B KC
D^IJC
K\JCKB K\QDSrFO C
GD ZSKVDC
X'X<Oh

DY_C
H
J h NCB O_KC
DY_KC
B kC
KH3MQWq[KW eSV OI
   (<2^,-F,1 1,-6579%,-R;3:- =A" ,-F.-," =
AK_Zähler
Reset
AK_GlobalReset
Initiator
!#" $ %( (+5:-%,- 657\,"5,-R2^,-" 5%F657W 6
7$ :P.$ ,5XﬃR,1 ,A=>1" 75.$
ZSKCRJSKV<KC
DKY\GX'k3GDSKDFO KFI^T\ 

seHKVI^X'C
O OKHBNKC
DKV<a+KCOKVKD|\GX'kSGDKDFOK'JSKD

QS[MD3[p`QXo\HGZSMH'+KB KOP tC[DSMH#MDWGVJKVOh
xRC
DC[K

CKH
B {B OKX'KYB KeSKDieC
KVW V<rKC
DK'KC
[KDKDiWKB O<JKgSDC
KVO KD~tOKQKVVKBB GQVP
dKDiEGVNQDSJ ZSKV HMBB KDiKBNJKX xRDO a9CdrFH
KVI^[KKC[DKOK

X'kH
KX'KDFOCKV QSDS[KDi`QiKVP
`KQ3[KD^hT9QSB9\V DJSKDYJSKV
n
CKJSKVEKV a+KDJSZSMV rKC
O+QDJUJKV\]^GVOMZC
H
COsO+C
B O+KB9MZ3KV
EGVOKC
He3MWOI#JC
KYeSCKVW V'`Q|CX'kH
KX'KDFOCKV KDJKD yKdeSMDCB XpKD|MHBp_KB OMDJOKC
H+JKV
t{B OKXpZSKB deVKC
ZQSDS['MQSW
`QDKeSXpKD^h
v
X JC
KBN`QiQSDOKVB O O`KD^I^a+KVJKDjEFC
VO QKHH
Kyt{B O KX'KCDSeKC
O KDiKC
DS[KW eSV Oh)KJKV
EFC
V OQKH
H
KDjt{B OKX'KC
DeKC
ONC
B ONKCDSK'MrFOC
EK'\GXpk3GDKDFOKp`QS[KGVJDKOI3JCK'JCKpKC
[KDFOP
H
CdeKjQDSrOC
GDJSKV/'9KBB GQSV dKuVKMH
C
B C
KVOh\xRCDKiEFC
VO QSKHH
K|t{B OKX'KCDSeKC
OUXpQ MQSB
JC
KB KX 9VQDSJKNKCDSKV9VKMHKDutF{B O KX'KC
DeSKCO\`QS[KGV JSDKO\B KCD^I3MQWRJKV\JC
KNC
eV9`QS[KP
GV JSDKOK<MrFOCEK<NGX'k3GDSKDFOKNVKMHCB CKV O9a+KVJKDyrMDD^h
+KCFJKV_]#MVO C
OCGDC
KVQDS[\a+C
VJpKCDSK_EFC
VO QSKHH
K\t{B OKX'KCDSeKC
O#a9CK b>KJK9MDJKVK\t{B OKP
X'KC
DeKC
O^ZSKeSMDJKH
Oh
n
KDD<MZ3KV^KC
DK_NGX'k3GDKDFOK_MQWFJSKV^EFCVOQKH
H
KDptF{BOKX'KC
DeKCO
kHM`CKV O<a9C
VJ^I^eSMO<JC
KBN`QSVpGH[KI^JSM JC
K'`QS[KGV JSDKOKYNGX'k3GDSKDFOKYMDS[Ka9CKB KD
a9CVJ^I^JCK'KDFOB kVKdeKDJKYQDrFOCGDSMH
COsON`QiCX'kH
KX'KDFOC
KVKD^h

DuJSKDia_KC
OKVKDjT9ZP
ZC
HJSQDS[BB deVCOOKD~a_KV JSKD~JC
Ku\GX'kSGDKDFOKy`QV

X'kH
KX'KDFOCKV QSDS[uEGD~EFCVOQKH
H
KD
t{B OKX'KC
DeKC
OKDjC
D|[H
KC
deSKV
n
KCB KYa9CKUJC
KYVKB OHC
deKD~MrFO C
EKD|NGX'k3GDSKDFO KDjZ3KP
eSMDJKHOh 9CKV Z3KCREKVQVBMdeKDuQDFZ3KDFQO`OKpEFC
V OQKHH
KYt{B OKX'KC
DeKCOKDurKC
DK

X'kH
KP
X'KDFOCKV QSDS[BrGFB O KD^h
L\C
KB KB+m#GV[KeSKDUB GH
H3MDe3MDSJYJKB+_KCB kCKH
B+MQSB_+CH
J h NDSseKV_KV HsQOKVO_a+KVJKD^h

XJSMV[KB OKH
HOKD

C
KHB {B O KXgDJKD'`a+KCSQDFOKVB deC
KJH
CdeKNT9VO KD'EGD'EFC
VO QKHH
KDyt{FP
B OKX'KCDSeKC
O KDjm#KVa+KDJSQDS[h^L\C
KUt{B OKX'KC
DeKCOKDiEGX R{Fk\H
GZ3MHE'9KB O

DC
O CMP
OGV<W'

ŁSKV `KQS[KD<KCD!'+KB KO PtC
[DSMHIa_KDSDNJSMB#\KBMXpOB {B OKX`QSV dr[KB KO `O^a9C
VJ
QDJprzDDKDpB GX'C
O#EGD'NGX'k3GDSKDFOKD'MD3[KW
GVJKVORa_KVJKD^IJC
K+KC
D'+KB KOP tFC
[DSMHFZ3KP
DzOC
[KD^IQXwKCDKDUJKgDC
KVO KDyT9DWqMDS[B `QSB OMDSJUeKV `QSB O KHH
KD^h
L\KBUa_KCOKVKDK1FCB O C
KVOUKCDKiEFC
VO QSKHH
K|t{B OKX'KC
DeKC
OUEGX _{Fk\H
GZ3MH!'+KB KO
uMB OKVyqW' uŁIX'CO9JKV KD 9C
HWK<JSMBN9KBMXpOB {B OKXw`QSV dr[KB KO `O9a+KVJKDyrMDD^h
T9QW<JKX

CKHB {B OKX B C
DJX'KeVKVKjW'

BYEGVeSMDJSKD^I_a9MB'JSM`QW eSV OI_J3M KC
DK
\GX'kSGDKDFO KI^JC
KYMQSW+R]+NT6pC
X'kH
KX'KDFOCKVO<a+C
VJ^I^JCKB K'EFCVOQKH
HKUtF{BOKX'KC
DeKCO
MQW9#]+NT6'ZSKDFQSO `OI^JSMUZSKC
X ]RH
M`C
KVKDiJKVpW'

P\GX'kSGDKDFO K'JSCKYMX DSsdeSB OKD
[KH
K[KDKpt{B OKX'KC
DeKCO9EKVa_KDJKO9a9CVJ#h
 VNR]+\T pa VJK<J3MB9Z3KJKQSO KD#IJSM IWqMH
H
B9eC
KV\KC
DKpNGX'k3GDSKDFO KpJSMB\\H
GZ3MH
'+KB KO PtC
[DSMH+ZSKDzOC[OI#KB<JC
KB KB ZSKVpJC
KUMQW\R]+\T6YKDFOeSMH
O KDK '9KBB GQSV dKUMDP
WGV JSKVDUrMDSDUQDSJUJSMDDyJC
K<m#KV ZSCDJSQDS[KDy`a9C
B deKDUZ3KCJSKDyR]+NT\B+JSM`QyZSKDFQO`O
a+KVJKD^I3JSMBW'+KB KOP tC[DSMH#EGX W'

MQW+#]+NT6p`QX R]_NT '`QuOVMD3B kSGVO C
KVKD^h
\HKC
de`KCOC[pX<Q KCDum#KVZC
DJSQDS[B DKO`NEGXoW'  `QyJKDiW'

ZSKB OC
X'X<O9a+KVJKD^I
( \2+" - =A6,$ $ ,#" 1 =>, 
9," 50," =A,5   ﬀ
CPU I/O-Baustein
 
       FPGA1        FPGA2
GRM GRI
/
Prozessor
Bus
PCI-Bus
GRI
!#"$ %,(  (C$" ,$ 1	 1 =>, 
 
N" = 8" - = 6,$$ ,5/" 1>=>, 
\-,1 1:6-/,5 %ﬃ_$ :P.$ ﬃR,1,A=	p.1 =>,-

ﬃ _$ :F.$9ﬃR,1,A= 5" =A" . =A:-
JSMXpC
O9JKVNW'  Z3KV+JSCK'.'

B+JSMB\\KBMXpOB {B O KXw`QSV drB KO `KDUrMDSD^hLNMB+W eVO
MQSdeYJSM`Q^IFJ3M W V9JCKNEKVB deCKJKDKDuW'

B_EKVB deSCKJSKDK

X'kH
KX'KDFOCKVQSDS[KDYEGV P
[KBKeKDUa+KVJKDyX BB KD^h
L\KV!'9KB KOPm#GV[MDS[UW V'\GXpk3GDKDFOKD|MQSW+JKD|#]+NT\BNrMDDi`Fh \h^JSQVdeiKC
DKD
tdeVKC
Z`{FrFH
QSByMQWpJKD ] 

P_QSBuMQSB[KH
zFB OUa+KVJKD#h9NGX'k3GDKDFOKDJC
KjMQWpJSKX

l
0
P+MQSB OKC
DYV KMH
CBC
KVO+B C
DJ^IFrzDDKD'`QV dr[KB KO`O_a+KVJKD^IC
DJSKXJC
K +]
v
KC
DKD
'+KB KOP

{FrFH
QSBRMQWSJKX]RVG`KBBGVZQSBRCDSCOCC
KVOhL9KV+.'

MQSWSJKX

l
0
P+MQSB OKC
DpXpQ
MQ3B+JC
KB KXo\V QSDJK<rKCDK

X'kH
KX'KDFOC
KVQDS[pKV`KQ3[KD^IJSMpJKV

l
0
P+MQSB OKC
DyB KH
ZSB O
ZSKVRJCK9KDFOB kVKdeKDSJK#'9KB KOP 3GF[CrpEKVW [OhT9QdepX BB KD'rKCDSK+`Q3B sO`H
CdeKD'm#KV P
ZCDSJQDS[B kWqMJKpMQWq[KZSMQO\a+KVJKD^ISJSM'JC
Kpm#KVZC
DJSQDS[ ZSKV9JSKDu]RVG`KBB GV ZSQSB9ZSKP
V KCOB+ZSKB O KeFOh
 V9R]+\T6\KV[C
ZO9B CdeUKC
DK\KO a+MB+MDJSKVKN\GDSB OKH
H
MOCGD^hL\KV\W'

X<Q B G'MQ3BP
[KHK[O#B KCD^IJSM JKVRW' wL\MOKDpMD<CeDpB KDJKD<rMDSD^hx_B^a9CVJpMH
B G\KC
DK+m#KVZC
DJQSDS[
`a9C
B deKD|W'  QDJ~.'

EKVHK[OI^JC
K'KCD|LNMO QX X'CO' H
OC
[rKC
OBB C[D3MH ZSKVOVMP
[KDurMDSD^h^xRX'kWqsD3[O<JKVpW'

Z3KVNJC
KB KYm#KVZC
DJQSDS[YKC
DjL\MOQXyI3KV`KQS[ONKV<KCD
'+KB KOP tC[DSMH^W V9JCKp\GX'kSGDKDFOKD#IFJSCK<CeXw`QS[KGVJSDKO9a9QVJKD^h
L\KV<.'  CB ONB GYMQWq[KZSMQOISJSM KV\Z3KCRT9rFO C
EFC
KVQDS['JKDS'9KB KOP

{FrFHQ3B9MQWRJSKX
]RV G`KBB GVZQSBNMD3BOz O\QDJiMQSWRJKV<m#KVZC
DJQD3['`QX W'

MQW+#]+NT6<KC
DuLNMOQX
KV`KQS[OIa_GX'CORJ3MDSD'MH
HK\\GX'kSGDKDFOKDYMQWSJKX

CKHB {B OKXyIJC
K+JSMB_\H
GZ3MH'+KB KO P
tC
[DSMH#MDS[KWGVJKV O9e3MZ3KD^I`QV dr[KB KO`O9a+KVJKD^h
T9QSB'JSKD~eC
KVYJSMV[KHK[OKD_KC
B kC
KH
KD~CB OYKVB CdeFOHC
de^I_JSM EFCVOQKH
HKjt{B O KXpKCDP
eKC
O KDiJ3M`QjZSKC
OVM[KD^I^JSCKU]#GV OMZC
HC
OsOpEGD|]RVGZSHKXpH
zFB QDS[KDj`QjKVH
KC
deFOKVD^I#JSM
XpC
O_C
eVKV 9CH
WK\`C
KH
B {B OKXYB kSK`Cg3B deKNT\B kSKrFOKNMQSBRJSKV+]RVGZH
KX<Z3KB deVKC
ZQD3[NC
DYJCK

C
KHB {B O KX<Z3KB deVKC
ZQDS[ ZSKVDGX'X'KD~a_KV JSKD~rzDDSKD^IRa9MBY[H
KC
de`KCOC
[i`Q~KCDSKV
ezeKVKD
n
C
KJKVEKVa_KDJZSMVrKCO9W eSV Oh
  (<2^,-F,1 1,-6579%,-R;3:- =A" ,-F.-," =
:Vrqghuiçooh ehl Nqrwhq xqg Urxwlqj
 

  ﬂ ﬂ  ﬁ   	$ﬂ(ﬂﬁ ﬁ ﬀﬂ
}9CdeFOpZSKe3MDSJKH
O<a9QVJKDjZSC
B eKVp\DSGOKDjX'C
O<X'KeSV KV KD|\GXpXpQDSCrMOC
GD3B CDC
OC
MOGP
V KD^h

XKC
DWqMdeSB O KDYSMH
H3B O KHH
O_JC
KB_KC
DK\QDS[ H
O C[KNT9DGV JSDFQDS[NJ3MV+QDJYW eSV O+JSM`Q^I
JSM JC
K
v
XYB KO`QDS[<JKV 3zFB QDS[B Z3KB deVKC
ZQDS[pMZS[KZVGFdeKDYa9C
V J#hFL\KDDGFdeU[C
ZO_KB
#sH
HKIZ3KC^JKDKDUJKVMVO C[K<T9DGVJDFQD3[KDUKVHMQSZO\B CDJ#h
9C
KVZSKCSXpQ Z3KV drB C
deFO C[ORa+KVJKD^IJSM KB#`Q

Q3[VC-3B rGD	C
rFOKD'rGX'X'KD'rMDD^I
a_KDSD<X'KeVKVK

DSCOCMOGV KDpMX[H
KC
deSKDp\DSGOKD<KCDKDp\GX'X<QSDCrMO C
GDSB EGV[MDS[+KCDP
HKC
OKD^h_L9C
KBpEKVeCDSJKVOpC
D|EFC
KHKD~#sH
HKD|KCDSKUKVWGH[V KCdeKyNGX'XpQDC
rMOC
GD#I#rMDD
MZ3KV9MQSdeY`QSBsO `HC
deYJSM`QYW eSV KD^IJ3M KB_`Qytde3sJSKDUMQW^JKX

CKHB {B O KXrGX'X<Oh
_CH
J Fh N`KC[O9KC
DK<JKVMV OC[Kp\GDSB OKHHMO C
GD^h
9C
KV\B C
DJyJVKCR]^GVOB ZSKV\KC
DKDu[KX'KC
DSBMXpKDu\DGOKDyX'COKC
DSMDJKV\EKVZQDJSKD^I
a_GZSKC b>KJKV9]#GVO9MHB

DC
O CMO GV\MQWO VKOKDUrMDD^hSL9KV+EKVa+KDJKOK<]#GV OO {FkyB O KHH
O+KCDK
^V C
P tOMOK+mRKVZCDSJQDS[\JSMVhxRCD']#GV ORrMDDpeC
KVZSKCFJC
K+JVKC

QSB OsDSJK 9C
[e^I 3Ga|QDJ
eGFdeGeX'C
[UKCDSDKeX'KD#h^L9C
K'KVB O KDuZ3KC
JKD

Q3B OsDJK Z3KVX'COOKHDiJC
KY[Ka DSB deFO K

DWGVXYMOC
GD#Ia+GeSCDS[KD'JKVRJVCOOK

QSB OMDJpJ3M`QpJC
KDFOIJSM JKVRKDFOB kVKdeKDJSK9]^GVO
HKJSC
[H
CdeuMHB9xRC
DS[MDS[pZ3KOVCKZ3KDUa9C
VJ^h
TS TS
TS
!R" $ % ( ﬀ(	95: =>,5 
\" = 
9,0-,-,5&5" =A" . =>:-,5
    (!":5%,- $$ ,#F," 	95: =>,5p65%!ﬃ_:6 =A" 57
Arbiter
Data
OR
OE
Data
OR
OE
Da
ta
OR O
E
!#"$ % (  (	\5: =A,5 
N" =  
\?F$ , 
9,5 =A" ,- 657W 6-ﬃ_,.$ " 1 " ,-6579%,-_-F" =>- " ,- 6F57
L\C
KB KyT\DGV JSDFQDS[iB OKH
HO'KCDKyrGVVKrFOKymRKVB deSMHOQDS[iJKVY]#GV OBpJ3MVYQDJ~C
B OYB G
HMD3[KNQDrFVC
O CB de^IB GpHMDS[K\DFQV9KC
DU^KC
H
DKeX'KV9DC
deFO9CXeSGFdeGeX'C
[KD

QSB OMDJUCB Oh
9Z3KVO Vs[OYMZSKVpKC
D~^KCH
DKeX'KVpKCDKD  3Ga+P ]^K[KH9QDJ~KC
D~MDSJKVKV'`QX [H
KCdeSKD

KC
O kQSDrFO9KCDKD 9C
[eP ]^K[KHISB deHs[O\JKVN\GX'X<QSDC
rMO C
DSB EGV[MDS['WKeHh

QSBsO `HC
de
C
K KD<DGFde<eSGeSK+T9QSB[HKC
deSB OVzX'KIJC
K_`Q<H
GrMHKVRxRVa+sVX<QSDS[+QSDJ<`h \hZSKC#]+NT\B
`QV

KVB OzVQD3[pJKB9+MQSB OKC
DSB+W eVKDyrzDDSKD^h
n
C
HH+XYMDjJKVMVO C[KU\GDSB OKH
H
MOCGDKDjDC
deFOp[VQDJ3BsO`H
C
de|EKV ZSCKO KD#I^rMDDjXYMD
KC
DK<B CdeKV K

XpkSHKXpKDFO C
KVQDS[pJSMJQVdeUKV`CKHKD#IFJSM XYMDYJSKDy]^GVO O {FkUXpGFJSCg`CKV O
QDJiJCK'QSDrFOCGDuJKBNNDGO KD3B9KV a+KC
O KV Oh^L9KVN]#GV OO{FkiX<Q B GUKVa_KC
OKVO\a+KVJKD^I
JSM KC
D]#GV OYDFQVUMrFOCE~a+C
VJ^I_a_KDD~KVYeCKV W VYKCDSKuVKC[MZSKuKVeSMHOKDeSMOh+L\KV
\DSGOKDpX<Q `QSBsO`H
Cdep`Q'B KC
DKVRmRKVZCDSJQDS[B WQDrFOC
GDpDGFdepKC
DK9\GDFOV GH
HWQDSrFO C
GD
KC
DDKeSX'KD^h
n
C
KuCD+CH
JFh iJSMV[KB OKH
HOI9B KO `OUB C
deJKVy\DGOKD b>KO`OUMQSBYKC
DKV
MrFO C
EKDyNGX'k3GDSKDFOKNQDJyKC
DKX\DSGOKDy`QSBMX'XpKD^h
L\C
KB KV9NDGO KDYeSMO b>KO`O9MZ3KV+OMOBsdeH
CdeUDFQV9B KC
DKNQVB kV DS[H
CdeSKNQDSrFO C
GD^IFJC
K
MDS[KB deH
GBB KDSKDy]^GVOB_`QUEKVZC
DJKDUQDJUa9C
V JUJSKB eSMHZyMHB_VKC
DKV\\DGOKDUZSK`KC
deP
DKOhL\CKNW V+JKDy\DSGOKDUDKQUKV`KQS[OKNNGX'k3GDSKDFOK\W eVO+JC
K<T9V ZSCOVCKV QSDS[<JQVde^h
)KJKV<]^GVOI3JKVNKC
DiLNMOQX Z3KVO VM[KDua9CH
HI3MrFO C
EFC
KVO\`QSKVBO<B KC
DKD
0
'w
0
QOkQO
'+KfFQKB OŁ
v
DFO KV k3GV Oh

DSJKXwJKV\T9VZCOKV\B C
deKVB OKHH
OIJSM `Q b>KJSKX

KC
O kSQDrFO9DFQV
KC
D
0
x
0
QOkQOpxRDSMZH
KŁ
v
DFO KVk3GV OpMrFO C
EuC
B OI3rMDDiKV<EKVeCDSJKVD^I^JSM

QS[VCﬁ-^B P
rGD C
rFO K<KDFOB OKeKD^h
 V b>KJKDY]^GVO O {FkpXpQ MHB GNWKB O[KH
K[ORa+KVJKD^IGZ'XpKeVKVK

DCOCMO GVKDYMD'KC
DKX
\DSGOKD~KVHMQSZOYB C
DJ~QDSJ~XpC
O'a+KH
deKVUMrFOC
EKD\GX'kSGDKDFOKyCD~JSCKB KX SMHH\JKV
\DSGOKDiVKMH
CB CKVONa+KVJKDirMDD#h3L\C
KB K

DWGVX'MOCGDia9CVJiCDiJKV<]#GVO O {FkSJKgDC
O C
GD
eC
DFO KV H
K[OhRL\CKUZSKC+KC
DKV'NDGO KDCX'kSHKX'KDFOC
KVQDS[yKV `KQS[O KDjVKC
DKD|NDGO KD|QDSJ
\GX'kSGDKDFO KDya_KV JSKDUC
DUJKV9ZSKrMDDFO KD
n
KCB KNa+KCOKVEKVMVZ3KC
O KOh
 
   ﬁﬂﬃ	ﬂ 8ﬂ	 
 ﬂ
n
CKyCD~T9Z3B deDC
O O  Sh Fhh UJSMV[KHK[OI#rzDDKD|KC
D`KH
DK/'9GQO C
DS[rGX'k3GDKDFOKD|EKVP
B deC
KJKDSKU]^GVOO{FkSKDjQDFOKVB O O `KD^h

Q3B sO`H
Cde|[C
ZOpKBp\GDSB OKHHMO C
GDKD^I#C
DjJKDSKD
'+GQOC
DS[rGX'kSGDKDFO KDuR{FkSQXpa+MDJH
QDS[KDyEGVDKeSX'KDUrzDDKD^h
 ( .ﬃR:6 =A"57\8:5<.P1 =>- .  =>,5Xﬂ  ?,5  &
RC_1
DataBlock
DataBlock
Simple
Data
NV
DataBlock
Addr
Data
NV
Addr
Tri-State
Tri-State
Controlled
Data
OE
(a) (b)
Tri-State 
Simple
Tri-State
Simple
RC_2
DMA
Controller
DataBlock
Simple
DataBlock
Addr
Tri-State
Controlled
!#"$ % (  (23,-4#,5%6579.P1 =A-. =A,-R;3:- ==  ?F,5XF," 
 ﬃ_:6 =A" 57
n
CK9JSCKB KV+tFMdeFEKVeSMHO_`QV+xRVa_KC
OKVQDS[NJKV+m#KVZC
DJSQDS[B X'z[H
CderKC
OKDY[KDFQO`O
a_KVJKDUrMDD#IB GH
H^MDyJKDUWGH[KDJKDu_KCB kCKHKDyDSseKV9KVHsQO KV O9a+KVJKD#h

DY+CH
J Fh 
NB CDJ'`a_KC3MZ3B OMrFOK\]^GVO O {FkSKDpX'C
O b>Ka+KC
H
BR`a+KC`QS[KGVJSDKOKD'rGDrFVKP
O KDy_{FkSKDUJSMV[KB OKH
HOh

QSBsO `HC
deUB C
DJU`a_KC5'9GQOCDS[rGXpk3GDKDFOKDUEGVeSMDJKD#IFJCK
KCDSK9\GDFEKVO C
KVQDS[\`a9CB deKDpJSKDpEKVB deCKJKDKD'rGDrFVKOKDYFGVX'KDpJKVRMZSB OVMrFO KD
R{Fk3KDUJQSVdeSW eVKDUrzDDKD^h
_KC
XmRKVHK[KD'KC
DKV_mRKVZC
DJQD3[\`a9C
B deSKDp`a_KCS]#GVOBRrMDD'`QKVB ORJKV+MZ3B O VMrFO K
R{FkpEKVKCDFZ3MVO#a+KVJKD^hx_B#a_KVJKD<J3MDSD<JC
K+V KHKEMDFO KD!'9GQSO C
DS[VKBB GQSV dKDpQDJpW V
JCKp^KC
H
EKVZC
DJSQDS[pEGX]#GVO9`QSV.'+GQOCD3[VKBB GQVdK<KC
Dy[KKC[DKOKV9rGDrFVKO KV\R{Fk
MQ3B [Ka9seH
Oh3m#GDuJC
KB KVW'9GQOC
DS[rGX'k3GDSKDFO K'MQSB9a9C
V JuJSMDDuJC
Kpm#KV ZSCDSJQDS['`QX

C
KH^GFJKV9KCDKV9a_KC
OKVKD/'9GQSO C
DS[rGX'k3GDSKDFOKNEKVHK[Oh
^VC-SORXYMD'eC
KVZSKCSMQW3KCDSK.'+GQOCD3[rGX'kSGDKDFOKIJSCK9JSKDYMrFOQKHH
KDY_{FkpC
D'KC
DKD
MDSJKVKD_{Fk~a9MDSJKH
D~rMDSD^I_C
B OYKB'X'zF[H
C
de~eC
KVYKC
DKu_{Fk Z3KV[MDS[i`QVKMH
CB CKP
V KD^hT9QdeUW V9JKDUHKO `O KDym#KV ZSCDSJQDS[BMZSB deDC
OO+`QX

C
KH
kSGVO+eC
D^IFa9C
VJUJSMDDUKCD
rGDrFVKOKV\]#GVOO{FkyW V9JKD

C
KH
kSGVO\MQ3B[Ka+seH
Oh
L\CKB KB\m#GV[KeKDuKVXpzF[H
CdeFO\KB\mRKVZC
DJQD3[KDu`a9CB deSKDu]#GVOB9eSKV`QSB OKH
HKD#ISGZP
a_GeH'BC
KjEKVB deC
KJKDK|]#GVO O {FkSKDVKMH
C
B C
KVKD^h L\CK|]#GV OO {FkSKDX BB KDJC
K|[HKCdeK
[VQDSJHK[KDJK9QDSrFO C
GDpZVKC
OB OKH
HKD#Ia9MB#J3MJSQVde'B CdeKV[KB OKH
HORa9CVJ^IJSM B C
K+KC
DKD
[KXpKCDSBMX'KDyMZSB OVMrFOKDy+MB CB O{FkUeSMZ3KD^hL\C
KB+KVezeFO+JC
K<#HK1FC
ZC
H
COsO+Z3KCX '9GQP
O C
DS[iQSDJrMDDCDKC
DC[KDRsHH
KDMQde`QV '9KJQ`CKVQD3[iJKB '+KBB GQVdKDFZ3KJSMVWqB
ZSKC
OVM[KD^hSL\CKB9B GH
H#MDy`a+KC#_KCBkSCKHKDyDSseKV9KVHsQSO KV O9a+KVJKD^h
T9HB<T9QSB[MDS[BZ3MB CBNW V<JSMBNKVB OKY+KC
B kSCKH+B GHH_JKVpMZ3B O VMrFO KU]^GVOO{Fk|^V C
P tOMO K
JCKDKDq_C
H
JFh 
MFŁh#L\CKB KVp]^GVOO{FkiVKkSVsB KDFOCKV O<KC
DKU^V C
P tFOMOKYm#KVZC
DJSQDS[UQDJ
ZCKO KONeC
KVW VN`a+KC%'9KMHCB C
KVQDS[B EMVC
MDFOKDiCDjGVXorGDrFVKO KV<]#GVOO{Fk3KDjMD^h^L\CK
KCDSK'mRMVCMDFOKyq^VCPtOMOKtC
X'kH
KŁ\B O KHH
ONKC
DKDj]^GVONJSMVI3JKVNJC
KpJVKC

QSB OsDSJKpJSKV
^V C
P tOMOK<m#KVZC
DJSQDS['MDDKeSXpKDUrMDD#h
 P  (!":5%,- $$ ,#F," 	95: =>,5p65%!ﬃ_:6 =A" 57
L\C
K

a+KCOKumRMV CMDFO K|q^VCP tFOMOK_GDFOVGHH
KJ3Ł<eSCDS[K[KD^IREKVa+KDJKO'`a_KC9JC
[C
OMH
K
tC[DSMHKhSLNMOMpHK[O9JC
KN`Q ZSKVOVM[KDJSK

DSW
GVXYMO C
GDUWKB O+QSDJ
0
x|`KC
[O9X'CO9KC
DKX
MrFO C
EKDi]#K[KH_MD^I3JSM JC
KB K'LNMO KD Z3KVOVM[KDia_KVJKDiB GHH
KD^h^L\C
KB KV<]#GVOO{FkiC
B O
B G'MQSB[KH
K[OIFJ3M X'COOKH
B+KC
DKB9^VCP tFOMOKN^VKC
Z3KVB_KC
DK
v
Xpa+MDJH
QD3[<C
DYKCDUKdeFOKB
^VCPtOMOKptC[DSMH^EGX_{Fky^VCPtOMOKtC
X'kH
KNKVWGH
[KDyrMDD^h
 V<J3MBX'9GQO C
DS[UCB O<JC
KB KV

QSBMXpX'KDSeSMDS[UJSMJQVdeiEGDj_KJKQOQD3[FI^JSM DFQV
a+KDC[K't{B O KXpKCDSeKC
O KDyJSM`QUC
DUJSKV ^M[KpB CDSJ^I#V C
P tOMO K'tC[D3MH
KNJC
VKrFO9`QUEKVH
KP
[KD^IB GDJKV DUX'KCB O+DFQV+JC[COMHKptC[DSMHKNQDFOKVB O O `KD^hL\KDDGFdeyB OKH
HKDUJC
KB K<+MQP
B OKCDSK'CDiEFC
KH
KDjRsH
H
KDj^VCP tFOMOKY^KC
ZSKV<W VpMQ3B[KeSKDJKUtFC
[DSMH
K'ZSKVKC
Oh^_KDSzOC[O
ZSKCKCDSKV_\GX'XpQDC
rMOCGDpJSCK\LNMOKDSB KDrK+JKD']#GVOO{FkY^VCPtOMOKtC
X'kH
KIW eVORJC
KB
JSM`Q^I3JSM JC
K'mRKVZC
DJQD3[UMQdeiX'CONJSCKB KX R{FkiEKVH
K[ONa_KVJSKDuX O KFISa+KB eSMH
Z
KB+CDUJSKDUGZ3KDy[KB deC
HJSKVO KDyRsHH
KDUJSM`QUW eSV OIFJ3M JC
KNmRKVZC
DJQD3[<DC
deFO+EKVHK[O
a+KVJKDUrMDD^h
+KDFQO`ONXYMDjMZSKVN`QX m#KVH
K[KDuJSKDiMZSB OVMrOKDj+MB C
B O {Fki^VC
P tOMOK'QDJua9C
VJ
EGDyJSKV\LNMO KDfFQKH
H
KNJSKV9VKMH
Kp]^GVO O {Fku^VCP tFOMOK_GDFOVGHH
KJyQDFOKVB O O `OISrMDDyJC
K
m#KVZC
DJSQDS[\ZCB#`QX H
KO`OKD'm#KV ZSCDSJQDS[BB deVCOORX'CORJKXR{Fk'^VC
P tOMO KRGDFOVGH
H
KJ
EKVHK[O_a+KVJKDYQDJYKVB O_CDYJKV 3KO`OKDYmRKVZC
DJQD3[BB OVKdrK'WqMH
HBRKC
D'KDFOB kVKdeKDP
JKVY^V C
P tOMO Ky^KC
ZSKVpZSKVKC
O[KB O KHH
Opa9CVJ3ŁNC
D|JKD|W VpJC
KULNMO KDfFQKH
H
KYZ3KDzOC
[OKD
]#GVOO{Fku^V C
P tOMOKtC
XpkSHK<rGDFEKVO C
KVO9a_KV JSKD^h
T9QSdeyW VNJKDu`a+KCOKDuCDi_C
H
J Fh
pJSMV[KB OKH
HOKDiMZSB OVMrFOKDi]^GVO O {FkuLNMOM_H
GFdr
KV[KZSKDyB C
deuseDH
CdeKpT9DFa_KDJQD3[B WqsH
HKh
9C
KVNB GHH#JKVNSMHH#Z3KO VMdeFO KO9a+KVJKD#IZ3KC^JSKXEGDyKCDKV\NGXpk3GDKDFOKpMQSBISLNMP
OKDYJC
VKrFO+CDYKCDKDytk3KCdeSKV ZSKV OVM[KDUa_KVJKD^h V+JC
KN9Z3KVOVM[QDS[<JKB+LNMO KDP
ZH
GFdrBpB O KeKDj`a_KC9m#KV WqMeVKD|ZSKVKC
Oh#L\C
KYKC
DWqMdeKVKUmRMVCMDFOKUB OKH
HOpJKVp]#GVO O {Fk
LNMOM_H
GFdrStCX'kH
K'JSMVh^xRVNKDFOeSsHO<`a_KC
v
DFO KV k3GV OBI3a+GZ3KC_LNMOMYJSCKYLNMOKD Z3KVP
OVs[O<QSDJ|}\mJCKy H
OC
[rKCOpJKV Z3KVO VM[KDKD|LNMOKD|MD`KC
[Oh#L\KV<`a_KC
OKUR{Fk^I
LNMOM_H
GFdrT9JJVISZSKDFQO`O\eC
DS[K[KDyDSGFdeyKC
DKDy`Q3BsO`H
CdeSKD
v
DFO KVk3GVONT9JSJVISJKV
JC
K<]#GFBC
OCGDyJKB9LNMOQXYB+C
DDKV e3MH
ZUJSKB9LNMOKDFZH
GFdrB9MDS[CZSOh
LNMYJKVptkSKCdeKV\KC
DK'T9JVKBB Kp`QSV<tk3KC
deKVQDS[YJKV<L\MOKDuZ3KDzO C[OI3X OKpJC
K
LNMOKDSfQSKH
HK+QXKC
DK+QDSrFO C
GD<KVa+KC
O KVO#a+KVJKD^IJC
K_JSCKB K+KV`KQS[Oh^C
DJKO#MZ3KV#JC
K
LNMOKD Z3KVOVM[QDS[NMQW3JKX

C
KHB{B OKX X'C
OO KHB#KCDKBRL yT9P_GDFOV GH
HKVB_B OMOOIrMDSD
JC
KB KV_JCK9EGD'JKV_LNMO KDSB KDrK9ZSKDzOC[O KDYT9JSV KB B C[DSMHK\MQOGX'MOC
B de^IGeSDK9a_KC
OKVK

X'kH
KX'KDFOC
KVQDS[B rGB OKD'VKMH
CB CKVKD#h
n
C
VJ'DFQD'ZSKC
X '9GQSO C
DS[\JSKV_MZSB OVMrFOK99MB CB P
O{FkULNMOM_H
GFdr'EKV a+KDJSKOIFrMDDYJSCKNm#KV ZSCDJSQDS[<EGDYJKV+LNMO KDSfFQKH
HK\ZSC
B_eC
DY`QX
L yT9P RGDFOVGH
H
KVpJKD~R{Fk~L\MOM+HGFdrStC
X'kH
KYEKVa_KDJKD^I#a9C
VJjJGVOpJSMDDjC
DjJSKD
_{FkULNMOM_H
GFdrT9JJV\[Ka+MDJKHO9QDJUCDUJSCKB KV\GVXwZCB_`QXotk3KCdeSKV+EKVZQDSJKD^h
;Dqvçw}h i u Vlpxodwlrq xqg Prqlwrulqj
}\MdeSJKX KC
DKU]RVGZSHKX'H
zFB QDS[B ZSKB deSV KCZQSDS[yKVBOKH
H
O<a9QVJKI#XpQ ZSKVkV WOpa_KV P
JKD^IRGZ|JC
KyB GuZ3KB deVC
KZSKDKyQDrFOC
GD3MH
C
OsO'JC
Ky[KB O KH
H
O KD~T9QWq[MZ3KD|OMOBsdeH
Cde
KVW HH
Oh9CKV9B GH
HKD'`a+KCSX'zF[H
C
deK\m_MVCMDOKDUMDS[KB kVGFdeKDYa_KVJKD^Ia_GZ3KCSHKJC
[H
Cde
ZSKOVMdeFOKOYa_KVJKDB GH
HIRa_KHdeKu+KB GDSJKVeKC
OKDB Cde~JQSV de~J3MB'eC
KVYEGV[KB O KHH
O K
]RV GF[VMX'X'C
KVEKV WqMeVKDUKV[KZSKDYQDSJYa+KH
deKB+kVCD`CkSCKH
H
KNmRGV[KeKDUJSMJQSV deUDSMeKP
[KHK[O9a9CVJ^h
 	
   ﬁﬂ 5ﬂ  ﬃﬂ
L\MB ZH
CdeK<m#GV[KeKD^IJCK<NGVVKrFOeKC
O+KC
DKV 3zFB QDS[B ZSKB deSV KC
ZQSDS[<`QUkV WKD#IFZSKP
B O KeFORJSMV C
D^IJC
KB K_C
DpKC
DK9GV X `Q Z3KVW eVKD^IJC
K_KB^KVX'zF[H
C
deFOIMQ3B^EGV[K[KZ3KDKD
xRCDS[MZSKa_KVOKD'xRV[KZDCBB K_Z3KB OCX'X'KDp`QprzDDKD^Ia+GZSKCJCKB K+JSMDSDpa9CKJSKVQXX'C
O
JKDyxRVa9MVOQDS[B a+KVO KD Z3KVkV WO9a_KVJKD^h
L\CKB K+MQ3B W eVZSMV K9FGVXH
s O#B C
de<DFQDpCD<`a_KC
KVH
KC9C
DSB C
deFO^rFHMBB Cg`CKVKD#hLNMB3KV P
B O KN\VC
O KVC
QXCB O_JC
K\_KB deSVKCZSQDS[B KZSKDKIJC
K9JSKXT9QSB W eVQDS[B X'GFJKH
HS`QS[VQDJKP
HC
K[OhL9C
K 3zFB QDS[B Z3KB deVKCZSQDS[\a+C
VJ'MQSWC
eVKX
n
K[9`QVRKC[KDFOH
CdeSKD

X'kH
KX'KDFOCKP
V QSDS[+C
DNX'KeSV KV K+MDJKVK+_KB deVKC
ZQD3[B EMVCMDFO KDp[Ka9MDSJKH
OIa+GZSKCC
D b>KJKX tFdeVCOO
CX'X'KV+X'KeV

X'kH
KX'KDFOCKVQD3[B JSKOMC
H
B_WKB O[KHK[O+QDJUB GX'CO+KCDUB OKOC
[KB+m#GVB deVKCP
O KDyEGDUKC
DKV\MZSB O VMrFOKD^IWQDrFOC
GD3MH
KDu_KB deVKC
ZQSDS[peC
Dy`QUKCDKV9rGDSrFV KO KD#ISMQSW
JKX

CKH
B {B OKXMQSB W eVZSMVKDy+KB deVKC
ZQDS[pEGHH
`GF[KDUa9C
V J#h
v
X B GYD3seSKVNKCDiT\QSB W eVQDS[B X'GFJKH
H#JSKV

X'kH
KX'KDFOCKVQSDS[B KZSKDSKpHC
K[OI3QX B G
K1MrOKV9QDSJUQX'WqMDS[VKCdeSKV\B CDJyJC
K<xRV[KZSDCBBKFIFJSCK<B C
deUJ3MVMQSB9[Ka9CDSDKDUHMBB KD^h
9H
KC
de`KC
OC
[yKV[C
ZO'B Cde~MZSKV'JSMBp]RVGZH
KXyI#JSM JC
Ky[Ka_GDDKDKUxRV[KZDCBB KUMQde
CDFOKVkVKOCKV O'a+KVJKD|X BB KD^h_L\CKBpa9C
V J~JSMJQVde|KVB deFa_KV OIRJSM JKV'xRDFO a+C
drFH
KV
JKV9]RVGZH
KX'HzFB QDS[pDFQV+JC
K\GZ3KVB O K<_KB deVKC
ZQD3[B KZSKDSK\KVB OKH
HO+e3MO+QSDJYDFQSDYKCDK
    (&+51   =  ,  -%"" 
96$ . =A" :5p65% p:5" =>:- "57
Debugger Lösungsbeschreibung
Simu
lator
Zielsy
stem
Komponente
Anzeig- u. 
Steuereschicht
Interfaceschicht
Instanzinformation
tiefere 
Hierarchiebene
!#"$ %  ( ﬀ(;^- "5  " ?F" ,$ $ ,-+6ﬁ.6  -%"" 
\6$ . =A" :5p65% p:5" =>:- " 57

QGV JSDFQDS[pJKV\xRV[KZDCBB KNC
DUJC
KB K<_KB deSV KCZQSDS[B KZSKDSKNEGVDKeX'KDUXpQ h	9C
KVW V
B C
DJ~a+KCOVKC
deKDJSKu\KDSDFO DCBB KyJKB'`QS[V QSDJKH
C
K[KDJKD

CKHB {B O KX QDJ~JSKVYJGV O
EKVa_KDSJKOKDy9MQ3BOKC
DK<DGOa_KDJC[h
xRC
DjT9Q9- eVQD3[B X'GFJKH
H_MQW+ezeKVKVpxRZSKDSK'eCD3[K[KD^I3KVHMQSZON`a9MVNKC
DK'KC
DWqMP
deKVK

DFOKVkVKOMO C
GDuJSKV<xRV[KZDCBB KI3ZSKB deVKCZSO<MZSKVpMQSdeiDFQV'tFMdeFEKV e3MH
OKI3JC
K
B C
deuMQW#JKV\[K[KZ3KDKDuT9ZSB OVMrFOCGDSB KZ3KDKpMZ3B kCKHKD^h
xRC
D'a+KCOKVKB
v
DFOKVB deKC
JQD3[B X'KVrFXYMHZ3KB O KeFORJSMVC
D^IC
D'a+KH
deSKV+GVXJSMB_T9QSB P
W eVQD3[B X'GFJKHH#EGVH
CK[Oh \CKVZ3KC^EKVa+KDJKO9XYMDyKDFO a_KJSKV\JCKpKC
[KDFOH
CdeK

X'kH
KP
X'KDFOCKV QSDS[UMQW_JKX

C
KHB {B O KXoQDJiXpQ JSMDDiKDFOBkSV KdeKDJSK'm#KV WqMeVKDiZSKV KCOP
B OKHH
KD^ISJCK<KB\[KBOMOO KD#IJC
K<[Ka D3BdeFOK

DWGVXYMOC
GDuMQSB+JSKXMrFOQKH
HKD

QSB OMDSJ
JKB

C
KHB {B O KX'B_`Q'KP1FO VMeC
KVKD^IGFJKV_XYMDYKVBOKH
H
O_KCDYKC[KDKB_T9Q3B W eVQDS[B X'GFJKH
HqI
JSMB_X'COOKHB_KCDSKB _GXpkSQOKVB+MQ3B [KW eVO_a+KVJKDUrMDD^hL\C
KN[Ka DSB deFOK

DSW
GVXYMO C
P
GDUa9C
V JyeC
KVZSKC^JKDyC
DOKVDKD

QSB OsDSJKDUJSKVNtC
X<QSH
MOCGDSB X'GFJKH
H
KNKDFODGX'X'KD^h
0
ZFa_GeHZSKCZSKC
JKD'T9D3BsO`KDpJSCK9T9QSB W eSV QSDS[B KV[KZDCBBK9MQWSEKVB deSCKJKDK
n
KCB K
[Ka_GDDSKDia_KVJKD^I^B CDSJuJSCKUtdeVC
OO KI3JSCK'W VNJSCKYT9QSB a+KVO QSDS[YQDSJim9CB QSMH
C
B C
KVQDS[
JKV\[Ka+GDDKDKDyLNMO KDyDGOa+KDJC['B CDSJ^ICXwa+KB KDFOH
CdeKDy[HKC
dejq_C
HJ hŁh
L\KVYMHB'L9KZQS[[KVpZ3K`KC
deDKOKy^KC
H9B OKHH
OpJSMBp`KDFOVMH
Ky_KJC
KDKHKX'KDO'W VpJSKD
_KDFQSO `KVpJSMVh 9C
KVprMDDjKV'CD|JKD~T9ZHMQSW9JKV']RVGF[VMX'XYMQ3B W eVQDS[yKC
DS[VKC
WKD
QDJyJC
K<xRV[KZDCBB KNEFCB QSMHCB CKV KD^h
T9HB#+MB CB KCDSeKC
O#JCKDKD'MQdepeC
KV#a9CKJKV#JC
K+MrFOCEKD'\GXpk3GDKDFOKD^IJSM\B C
K bAM9JC
K
\MQkOZSKB OMDJOKC
H
K\JKV ^zB QSDS[B ZSKB deVKC
ZQD3[<JSMVB OKH
HKDYQDSJYW V+JC
KNmRKVMD3Bde3MQSHC
P
deFQDS[YJKBNMrFO QKHH
KDiT9QSB W eSV QSDS[B `QSB OMDSJKB\JKV<]RV GZH
KX'H
zB QSDS['XYM [KZ3KDJiB C
DJ^h
L\KV9L\KZQ3[[KV9X<Q MH
B G'JKD

QSB OMDSJUJKV9NGX'k3GDKDFOKDyMQSW#MH
HKDy+KB deVKCZSQDS[B P
KZ3KDKDpWKB OB OKH
HKD^IZSKKCD	SQSBB KD<QSDJpMD`KC
[KD<rzDDKD^Ia_GZSKCZ3KC
JKB#B KeSV#B OMVrNEGX
b>Ka+KCH
C[KDy_{FkUJKV\NGX'k3GDSKDFOK<MZeSsDS[Oh
T9Q3B'JSCKB KX \V QSDJa9CVJJC
KiL9KgDC
O C
GDJKVUMrFOCEKDNGX'kH
KX'KDFOKDQX KC
DK
T9D`KC
[KP#QDJytOKQKVB deC
deFO_KVa+KCOKVOhFL9C
KB KNT9DGVJDFQDS[NCB O_DGOa+KDJSC
[IJSMNDFQSV_JC
K
\GX'kSGDKDFO KD ZSKV_C
eVKDUCDFOKVDKDyT9QWZSMQYQDJUCeSV+T9Q3B W eVQDS[B EKVeSMHOKDUNKDDFOP
DCB^e3MZ3KD^h}9QSVRB C
K_EKVW [O Z3KVRMQSB VKC
deKDJSK

DWGV XYMOCGDKD#Ia9CK+JKV_MrFO QKHH
K9T9QSB P
 (  p:5" =>:- " 57  )
W eVQDS[B `QSB OMDJy`QyCDFOKVkVKOC
KVKD^I`QysDJSKVDUGFJSKV\B C
DDFEGHH#MD`Q`KC[KDyC
B OhST9Qde
X<Q Z3KC_JC
KB KD|T9DSBMO `YZSKC_JKVpxRVB OKH
HQSDS[UDKQSKVp\GX'kSGDKDFOKDjrKCDK \DJKV QSDS[
MXL\KZQ3[[KV9EGV[KDSGX'X'KDya_KV JSKD^h
xRC
DK_a_KCOKVK9tdeC
deFOIJC
K

DFO KVWqMdKB deC
deFOIXYMdeFO^JC
K+T9D`KC
[KPSQSDJ'tOKQKVB deC
deFO
QDSMZeSsDS[C[pEGXw`QS[V QSDJKH
C
K[KDJKDiT9QSB W eVQDS[B X'GFJKH
Hh3tC
K<XpQ JC
Kp[KKC
[DKO KD
m#KVWqMeSVKD|a9seSHKD#I#QSX MQ3BpJKX T9QSB W eSV QSDS[BX'GFJSKHH9JC
Ky[Ka D3BdeFOKDL\MOKD|`Q
K1FO VMeC
KVKD<Z`aNh`QpB KO `KD^Ia+GZSKCFKC
D<KC
DeKCOHC
deKBIW VRT9D`KC
[KPSQDSJ'tOKQKVB deC
deFO
EKV a+KVOZSMV KB9FGVXYMO+EKVa+KDJKO+a9C
VJ^h
}9KZ3KDpJKV yz[H
CdeSrKCOIJKD'MrFOQKHH
KD'T9QSB W eVQDS[B `Q3BOMDJpJC
V KrFORMQSB#JKX T9Q3BP
W eVQDS[B X'GFJKH
HR`QuZ3KB OCX'X'KD^I3rMDSDuXYMDuZ3KCReCKVMVdeCB deiMQWq[KZSMQOKDiNGX'k3GP
DKDFOKDiJKV KD

QSB OMDJ|MQSde|MQ3BNJKX

QSB OMDJjJKV<W V<JC
K

X'kH
KX'KDFOC
KVQDS[UEKV P
a_KDSJKOKDUQSDFO KV[KGVJDKOKDu\GX'kSGDKDFOKDUKV X'C
OO KH
D^h
yCORJSKX[HKC
deKDYm#KV WqMeVKD'C
B ORKBRX'z[H
Cde^IZ3KCST9QSB W eSV QSDS[B XpGFJSKH
HKDYMQWSOCKW
KV P
[KHK[KDSKDY_KBdeSV KCZSQDS[B KZSKDKDYMQdeYKC
DK\LNMVBOKH
H
QDS[NJKV+xRVKC[DCB B K\CDUGV XJSKV
CD|JKD Z3KV[KGV JSDKOKD~_KB deVKC
ZQD3[B KZ3KDKDjEKVa+KDJKO KD~NGX'k3GDSKDFOKDj`QjKV P
XpzF[H
CdeKD^h
v
XJC
KB3`QNKV VKC
deKD#IB C
DJpMH
H
K
v
X'B KO `QSDS[BB deSV C
OO K_EGD<JKV  3zFB QDS[B ZSKP
B deSVKCZSQDS[<ZCB+eCDU`QSV

X'kH
KX'KDFOCKV QSDS[pB G'MQSB[KH
K[OIFJ3M KCDSK\KC
DJSKQOC
[K

QSGVJP
DFQDS[UJKVpxRH
KX'KDFO KYJKV<EKVB deSCKJSKDKD|_KB deVKC
ZQDS[B KZ3KDKDj`QKC
DSMDJKVp[Ka9seSV P
HKCB OKO9C
B OhSL9C
K<T9ZSZC
HJQSDS[pJKV

QSB OMDJSB JSMOKDU`a9CB deKDyJKDu_KB deVKC
ZQDS[B KZ3KDKD
C
B O\T9QWq[MZSKNJSKV\\GX'kSGDKDFOKD#h
 	  ﬂﬁ	ﬁ ﬂﬃ
_KC
X yGDC
OGVC
DS[yZ3KB OKeFOpJC
KUT9QSW[MZSKUJSMVCD#I#JKD~T9QSB W eVQD3[B `Q3B OMDJ|JKVpKCDP
`KH
DKDi\GX'kSGDKDFO KD Z3KVNJKD

QSB OMDJuJSKV<t{B OKX'KC
DeKCOKDuJKB

CKHB {B OKXYB9`Q
KVXpC
OO KHD^h
xRC
DC
[K9JC
KB KV_+MQSB OKC
DK9EKV W [KD Z3KV_B k3K`C
KHH
KNtdeDC
OOB OKH
HKD^IJC
K+JSCKB KD

a+Kdr
KVW HH
KD+* h^tFGYZ3KB O KeONZSKCR#]+NT\B\GWONJCKyzF[H
C
derKCOISJSKDiMrFOQKH
H
KD

QSB OMDJuJKB
[KB MXpO KDi+MQSB OKCD3B ZSKVNKC
DKpKDFOB kVKdeKDJK'9KMJSZSMdrFP tdeDC
OOB OKH
HK'MQSB `QHKB KD^h
T9QSBNJC
KB KVpL\MOKDX'KD3[KYX BB KDjJCKYW V<JCKYZSKOVMdeFOKOKY\GX'k3GDSKDFO KYV KHKEMDFO KD

DWGVXYMOC
GDSKDUK1FOVMeSCKV O9QDSJyMDSB deH
CK KDSJUC
DFO KV kSV KO C
KVO9a_KV JSKD^h
 Vp+MQSB OKC
DKI^JC
K'JSCKB KUQDrFOC
GDSMH
COsO<DC
deFO<ZSKVKC
OBOKH
H
KD^I^rMDDjJC
KYNGX'k3GP
DKDFOKNCeVK

XpkSHKX'KDOC
KVQDS[pJSMeC
DS[KeKDJUKVa+KC
O KV D#IFJSM B C
KNKC
[KDSK<tFdeDC
O OB OKH
HKD
QDJ

Q3[VC-3B kWqMJK<KV`KQS[OISB G'JSM JCKp\GX'kSGDKDFO KDyJKV ^zFBQSDS[B ZSKB deVKC
ZQSDS[pCD
JKV ^M[K<B C
DJ^IJC
K

QSB OMDJSB C
DWGVXYMO C
GDyMQSB `QSHKB KD^h
v
XeC
KV+KCDKDYKC
DJKQO C[KD

Q3[MDS[B kQDSrFO_`QYKVVC
deFOKD#Ia9C
VJYC
DYJKV

C
KHB {B O KXpP
ZSKB deVKC
ZQSDS['KC
DK<KC
[KDKpEFCVOQKH
H
K't{B OKX'KC
DeKC
ONMDS[KH
K[OI Z3KV\JC
KpMH
HKUGDC
OGP
V C
DS[P tdeSDCOOB O KHH
KDpKVV KCdeFZSMVRB C
DJ^h 9C
KVZSKCFa9C
VJ<JC
K_KDFOB kVKdeSKDJK9\GX'kSGDKDFOKDP
CX'kH
KX'KDFOC
KV QSDS[I3Z`a<h3JC
KUtdeDC
OOB OKH
HK'`QSX yGDSCOGV C
DS[P

DOKVWqMdK'JSMJQVdejMQ3BP
2B 75:4 6A@>N@?E:67K7>4 67 FHI?4 >>=>6U U 6?#64 =>4 676?.J6=<?:676	5K?:JP6:4 ?@?
6?PL:4 6 6=CNO Z5O?<>T
8Y6?:4 5RKHI6? DV??6?L:4 6A@= I7@?
5:67YK@:6R 6?>=G76HI6?:6? ZAK@=>64 ? 76KU 4 =4 67>6? B@?D>4 <?KU 4 >\>
K?N@IPKU >6?POMCK5I4 67Y?@7964 ?%G74 ?N4 G4 6U U 67AJP67JU 4 HD66J6?8967:6?%=<U UﬁL8A4 7:EK@P:4 6=65M56>K4 U =9?4 HI>964 ?T
6K?6?O
)   (&+51   =  ,  -%"" 
96$ . =A" :5p65% p:5" =>:- "57
AK_1
Implemen
tierung
MR-User
MIF
AK_2
Implemen
tierung
MR-UserRB-User
!#"$ %  ( ( 
9?F$ , 
\,5 =A" ,-6571 8.- " .5 =>,5! 6-_65 =>,-1>= =  6579%,1p:5" =A:-" 57" 5 =>,-./,1
      p:5" =A:-" 57" 5 =>,-./, 
 ﬃ_!(ﬃR,.% F./0 
 !ﬃ p:5" =>:- "57- ,1:6- /,
[Ka+seH
OIJSM B C
K9JQVde'KC
DK9KCDSJKQOC[K\NKDDFQD3[\CJSKDFOCg`CKVO_a+C
VJ^h
v
XJC
KB K UzF[P
H
CderKC
O_`Q'QSDFO KVB O O`KD^IrMDSD'KC
DK\NGX'k3GDKDFOK9C
D'`a+KC3mRMVC
MDFOKDYMQWq[KZSMQO+B KC
D
q_CH
J  hŁh
L\C
KNMrFO C
EKN\GX'kSGDKDFO KNT\  \C
XpkSHKX'KDFO C
KVO+KCDUKC
[KDSKB UGDC
OGVC
DS[P

DFOKVWqMdK
QDJZSKB deVKC
ZOyMQSBYJC
KB KX 9VQDSJKuC
eVK

X'kH
KX'KDFOC
KVQDS[jJQVde`a+KC<\GX'kSGP
DKDFOKD#hRxRCDSKYEGD|CeSDKD|VKMHCB CKV O'JC
KUQSDrFOCGDSMHC
OsO'JKVY\GX'kSGDKDFOKUCDSrFHQ3BC
EK
JKV yGDSCOGV C
DS[P tdeSDCOOB O KHH
KhSL\C
K<`a+KCOKp\GX'kSGDKDFO KI S'+P
v
B KVISJCKDFO9JSM`Q#IJC
K
yGDSCOGV C
DS[P tdeSDCOOB O KHH
KNMD`QSB OKQKV DYQSDJYa9C
V JUMQW^JC
K yGDCOGVCDS[P'9KBB GQVdKNMZP
[KZC
HJSKOh
xRC
DKU`a_KC
OKymRMVC
MDFOKyT\ yZSKDFQSO `O'JC
K/'9KMJZSMdrFP tdeDSCOOB O KH
H
KUJKVYT9Q3BW eP
VQDS[B KC
DeKC
OI+MQSWNJKVUB C
KuMZS[KZSCH
JKOYa9QVJKh 9C
KV`Qa_KV JSKD~`a_KCNNGX'k3GDSKDFOKD
EKVa_KDSJKOI+a+GZSKC<JC
KiKCDSKI#'\ 
v
B KVI9JKD

QS[MDS[j`QV/'9KMJZSMdrFP tdeSDCOOB O KHH
K
eKVB OKH
HO'QDSJ|JC
KyMDJSKVKI/'9P
v
B KVIRa9CKJSKVQX JC
KymRKVZCDSJQDS[u`QV UGDC
OGVC
DS[P
'+KBBGQVdK<VKMH
CB CKVOh

QSBsO`H
CdeKDFOeSsHO /'9P
v
B KVUKC
DKDm#KVa+KCBYMQW<JC
K

X'kH
KX'KDFOCKVQD3[B rGX'kSGP
DKDFOKNEGDyT\ FIFJSMpeC
KV+JSCK

DWGVXYMOCGDKDUZ3KVKC
O[KB OKH
HO9a_KVJKD^IFX'C
O+JKDKDUJC
K
VKH
KEMDFOKD

Q3BOMDJSB J3MOKDiK1FOVMeC
KVONa+KVJKDirzDSDKD^h^ V<JC
KY\KBMX<OC
XpkSHKXpKDP
OCKVQD3[pMQW#JKX

C
KH
B {B OKXwKV[C
ZO\B CdeUJ3MDSDUJC
KNCDy_C
H
J  h 
<JSMV[KB OKH
HOK<\GDSB OKH
P
HMOC
GD#h
FPGA-Proz.
PC
 
                               FPGA1 RB-Re
source
PCI-Bus
M-Resource
AK_1
Impl.
AK_2
Impl.
RB-
User
AK_1
MR-User
AK_2
MR-User
!#"$ %  (  (ﬃ_,.$" 1" ,- 657\%,1p:5" =>:- " 571R.6S%, 
 $" ,$ 1  1 =>, 

 (  ."" 
96$ . =A" :5 ) ﬀ
 	  
 ﬁ     ﬁﬂ
_KCFJKV+tC
X<QHMO C
GD<Z3KB OKeFO#JSMB \MQkSO kSV GZH
KXJ3MVC
D^I[KKC[DKOK9tFCXpQHMOC
GD3B XpGFJSKHP
HK<W V\JC
K<KCDS`KH
DKDu\GX'k3GDSKDFO KDyZSKVKC
O`QSB OKHH
KD^h3L\CKB KpT9QSW[MZSK<XpQ JKVN\GXpP
kSGDKDFOK\B KHZSB O_`QS[KGVJDSKO_a_KV JSKD^IJSMNDFQSV+B CKN[KD [KDJ

DWGVXYMOC
GDSKD ZSKV+CeVKD
CDFOKVDKDuT9QWZSMQUEKVW [Oh
xRC
DKpKVB OK UzF[HC
derKC
ONZSKB OKeFONJ3MVC
D^I3KC
DuKC
[KDKB<tC
X<QSH
MOCGDSB X'GFJKH
HRZ3KVKCO`QP
B O KH
H
KD^h#tFCK'rMDDiC
eVKD

QSB OMDSJjMZ3KV<MQdejMQSBNJKD|tC
X<QSH
MOCGDSB X'GFJKHH
KDiJKV<W V
JCK

X'kH
KX'KDFOCKVQSDS[UEKVa+KDJKO KD~\GX'kSGDKDFOKDjZ3KVKdeDKD^h#xRC
DKYa+KC
O KVK yzF[P
HC
derKC
O_KV[CZSO+B C
deYW V+NGX'k3GDSKDFO KD^IJSKVKD

X'kH
KX'KDFOCKV QSDS[NC
DYKC
DKV

X'kH
KX'KDP
O C
KVQDS[BB kVMdeKNEGVH
CK[Oh	9C
KV+rMDDUKC
DUK1FO KV DSKV\tFCXpQHMOGV+W V9JC
KB KptkVMdeKNEKV P
a_KDSJKOUa_KV JSKD^I+QX JKD

QSB OMDSJJKVyNGX'k3GDKDFOKuX'C
O OKHBYCeSV KV

X'kH
KX'KDFOCKP
V QSDS[B ZSKB deVKC
ZQD3[p`QUZ3KB O C
X'X'KD^h
)  (&+51   =  ,  -%"" 
96$ . =A" :5p65% p:5" =>:- "57
<Lpsohphqwlhuxqj ghv Edvlvv|vwhpv

X WGH[KDJKD|a9C
V J|KC
D~L\KX'GD3B O VMO C
GDSBB {B O KX EGV[KB OKH
HOI#JSMBpJCKy]RVGF[VMX'X'CKP
V QSDS['R]+\T9P9MB C
KVOKVNt{B OKX'KNX'C
OO KHB9MrFOCEKV\NGXpk3GDKDFOKDyKVXpzF[HC
deFOh

Qu_KP
[C
DDia+C
VJuJSCKYT9ZZC
HJSQDS[YJKV<+KB deVKC
ZQDS[B X'COOKH_MQW_KC
DKpQSDCEKVB KH
H
K']RVG[VMXpP
XpC
KVB kVMdeK+Z3KeSMDJKHOh

XT9DSB deSHQ J3MVMD^Ia_KV JSKDpJC
K+VKMH
C
B C
KVOKD'xRC[KDSB deSMWO KD
JKV9KCDS`KH
DKD
v
XYB KO`QD3[BB deVC
O OKIJC
KNEKV W [ZSMVKDy]#GV OO {k3KD^IJC
KNJSM`QS[KezVC
[KD
]^GVOMJSMkOKVIS+MB C
B rGX'kSGDKDFOKDUQSDJUJSCK<QDFO KVB O O`OKD

C
KHB {BOKX'K<ZSKe3MDJSKH
Oh
 	
   ﬁ	 ﬂﬃ $ ﬁ ﬂﬃ  $     ﬁﬂ  ﬀ
T9H
B<tkSVMdeKp`QSV

X'kHKXpKDFO C
KVQDS[YJKBN]RVGO GO{Fk3KDua9QVJK )MEMYEKVa_KDSJKOh3LNM'KB
B CdeieC
KVZ3KCRQX KC
DK'GZ b>KrFO GVC
KDFO C
KVOKUtkVMdeK'eSMDJKHOI3a+KVJKDiJSCK'W VNJC
KY]RVGP
[VMX'X'CKVQD3[jX'C
OyMrFO C
EKD\GX'kSGDKDFOKDDGOa+KDJSC
[KD_KB deVKC
ZQSDS[BKHKX'KDFO KD
MHB
0
Z b>KrFOKpZS`a<h
0
Z b KrFO rFHMBB KDiMZS[KZC
H
JKOh^x#C
Dj\H
MBB KDSJC
M[VMX'XoeSCKVW VNCB ONCD
_CH
Jyh NJSMV[KB OKH
HOh
T9QSB[MDS[B ZSMB C
BNW V<JC
KYT9ZSZC
HJQSDS[UJKV 3zFB QD3[B Z3KB deVKC
ZQDS[UCB ONJSCKU\HMBB K'JSKV
MrFOC
EKDjNGXpk3GDKDFOKDqT\<ŁhRtC
KUB O KHH
KDjX'KeVKVKU\GX'k3GDSKDFO KDPQDrFOC
GDSKDjZSKP
V KCOI3MQWRJC
K<X'C
OO KHB\T9ddKBB kSGVOB9`QS[K[VCﬁ-3KDua_KVJKDyrMDSD^hC)KJSKVNT9ddKBB kSGVO\KDFO P
eSsHO9JC
KNW V9JSCKpT9DSB O KQKVQDS[pJKV9`QS[KGVJDKOKDyQSDrFO C
GDUZ3KDzOC
[OKDy]#GV OBh

QSBsO `HC
deB OKH
H
KD~JSCKiMrFO C
EKD\GX'kSGDKDFOKDQDrFOC
GDKD~`QVUxRV`KQ3[QD3[iEGD
T9ddKBB k3GVOBI`QV+_KB OCX'XpQDS[NJSKV_X'z[H
CdeKDY]#GVOO{Fk3KD^IJKX 9C
D`QSW [KD'EGD'QDP
O KV[KGVJDKOKD'MrFOCEKD'NGX'k3GDSKDFOKDpQDJp`QVRL\QVdeW eVQDS[\JKV

X'kH
KX'KDFOCKV QSDS[
JKV#NGX'k3GDSKDFOK_MQWJKX

C
KHB {BOKXZSKVKC
OhT+O OVCZSQOKRKVHMQZSKDNKBIJSCK+xRC[KDSB deSMW
P
O KDyJKV\NGX'k3GDSKDFOKDUDSseKV+`QyB kSK`C
g`C
KVKD^h
)  )(& 
\?F$ , 
9,5 =A" ,- 657\%,1+!^.1 " 11	 1>=>, 
\1
Attribute
getPorttypeFor()
AddSubordinateAK()
AddAccessport()
AddImplPort()
Implement()
Aktive Komponnente
(AK)
Accessport
(AP)
Funktion
CreateAP()
connect()
getPorttypes()
Knoten
connect()
setPorttype()
Port
Attribute
Porttyp Porttypdefinition
* 1
* 1 *
1
*
*
0..2 1 1 1 1
*
!#"$ %<)(ﬁﬀ( 	\$ .11 ,5%F" .7-.
 
|%,-C 6- %YF" $ %F657_%,- 16571F,1/0- ," 657%F,5 =A"7 =A,5 	\$ .1
1,5
]#GVOBI ZSKV_JC
K9JC
K9MrFOCEKDYNGX'k3GDSKDFO KD

DWGVXYMOC
GDKDYMQ3BOMQSB deKD#IEKVW [KD
Z3KV#KC
DKD']#GVOO{Fk^IJSKVRB Cdepa9CKJKVQX MQSB^KCDSKVR]^GVOO{Fk3JKgDSCOCGDpQDJ'T+O OVCZSQOKD
`QSBMX'X'KDSB KO`Oh
n
seVKDJjJSCKU]#GV OO{Fk3KDJSKgDC
OCGDjJC
KU[V QSDJH
K[KDJKUQDSrFO C
GDSB a_KC
B KYJKB<]#GV OB
JKgSDC
KVOIZ3KKC
D	Q3B B KDUJC
KpT+O OVCZSQO K<JC
KpT9QSB a+MeH^JSKV.'9KMH
CB CKVQD3[B EMV CMDFO KDUQDSJ
 3KC
B OQDS[B X'KVrFXYMH
Kh
mRGDiJSKV<NH
MBB K'JKVpMrFO C
EKDj\GX'kSGDKDFOKDjMZS[KH
KCOKOI3CB ONJSCKY\HMBB K'JKVp\DGP
OKD^h^\DGOKDuKV X'zF[HC
deKDiJCKYm#KVZC
DJQSDS[YX'KeVKVK']#GV OBI3rzDDSKDiMZSKVNMQdeiKC
DK

X'kH
KX'KDFOC
KVQDS[pW V\JKDu\DGOKDUKV `KQS[KD^Ia+KDDyJC
KB+EGXwEKVa_KDSJKOKDy]#GVO O {Fk
[KWGVJSKVOpa9C
VJ^h

QSBsO`H
C
deB CDSJ~B C
KUC
D|JKV  ^M[KIRJCKitdeDSCOO X'KDS[KUJKV'EGD|JSKD
MDS[KB deH
GBB KDSKDy]#GV OB+QDFOKVB O O`O KDy]#GVOO{Fk3KDU`QUZC
HJSKD^h
L\C
K<xRVB O KHH
QDS[pKC
DKV ^zB QSDS[B ZSKB deVKC
ZQD3[prMDDyMHB GpJ3MJSQVdeUKVWGH
[KD^IJSM JC
K
ZSKDzO C[O KD'T\NP\HMBB KD'CDSB OMD`C
KVOIX'CO_JKD'ZSKDzOC[O KDYT9ddKBB kSGVOB_MQSB[KB OMOO KOI
JC
K_VKH
KEMDFOKD'T+O OVC
ZQOK+[KB KO`O#QSDJ']^GVOB#X'COOKH
B#JKV#Z3KVKC
O[KB OKH
HOKD'QDrFOC
GDSKD
QDFOKVKC
DSMDJKV9EKVZQDSJKDya_KVJKD^h
L\C
KNW V9JC
K<T9ZSZC
HJQSDS['MQW#JSMB

CKHB {B OKXwZSKDzOC[OKDu\HMBB KDy`KC[O9+CH
Jyhh
LNMB

CKH
B {B OKXB KO`O\B CdeuMQ3B\t{B OKX'KCDSeKC
O KDU`Q3B MX'X'KD^IJC
KNeSCKVMVdeCB deu[KP
[HC
KJKV O<B KC
DurzDDKD^h^_KC
X ]RH
M`C
KVKDia+C
VJuW V b>KJK'MrFOCEK'NGX'k3GDKDFOKpKC
DKUt{FP
B OKX'rGX'kSGDKDFO KyQDJ~W V b>KJKD]#GVO'KCDt{B OKX'kSGVO'KV`KQ3[OYZ`a<hR`QS[Ka9C
KB KD^h
tGa_GeHSJC
KNt{B OKX'rGX'k3GDSKDFO KDYMH
B_MQde'JSCKNtF{BOKX'k3GVOBRVKkVsB KDFO C
KVKD'KCDS`KH
DK

X'kH
KX'KDFOC
KVQDS[B VKBB GQSV dKDUJKVNt{B O KXpKCDSeKC
Oh
L\QVde|JC
K

QGVJDFQD3[yKC
DKVYMrFOC
EKD~NGX'k3GDSKDFO KU`Q|KC
DKVUt{B OKX'rGX'kSGDKDP
OK\a9CVJUJCKNKDFOBkSVKdeKDJSK

X'kH
KX'KDFOC
KVQDS[B VKBB GQSV dK\VKB KVEFCKV OhS9H
KC
deKB+[C
HO+W V
]#GVOB#QSDJUt{B O KX'kSGVOBh

QSBsO`H
Cde'a9CVJ'JQSV de'JC
K

CKHB {B O KX'rFH
MBB K9KCDSK9QDSrFO C
GD
ZSKV KCO[KB O KHH
OIJCK<JC
K

X'kH
KX'KDFOCKVQD3[B Z3KB deVKC
ZQD3[pW V9JC
K<[KBMXpO K't{B OKX'KC
DP
eKC
O9KVB O KHH
Oh
)KJKVyt{B OKX'KC
DeKC
O'CB OYKCD '9GQO KV'`Q3[KGVJDSKOI_JKVUm#KVZC
DJSQDS[KD~C
DDKVeSMH
Z
JKV't{B OKX'KC
DeKC
ONEKVH
K[KDirMDD^h^L\C
KB KV<EKVa+KDJKONX'KeVKVK '+GQOC
DS[rGX'kSGDKDP
OKD^IFJC
K\JC
KNMQW#JKV\t{B OKX'KC
DeKC
O+X'z[H
CdeSKDUmRKVZCDSJQDS[KDUVKkVsBKDFO C
KVKD^hA)KJKV
)( .ﬃR,.$" 1" ,- =>, R" 7,51 /0. =A,5<%,-  
91 ,A=  65711/0- " = =>, )&
place()
implement()
Systemeinheit
Systemkompo
nente
Router Routingkom
ponente Systemport
* 1*
*
1..n1
Aktive 
Komponete
Port
1 1
* *
1
1
1 1
1
 	
 
  ﬀﬁﬀﬂﬃ "!$##  %&'(  )+*,ﬀﬂ#(-.*,/*0123 1
4$56(7 89;:<5=	>&59(?197 ?A@89&BﬂB(8C?EDF(@7?=G>;5H 7 @JI16&:?15H B(9(?17K$B(8? L&?1HM@8?ON?1H L(6&9(B(?19
P
?1H B(?9Q<R9&9(?19TS
 	  ﬁ ﬁ$VU ﬁﬃﬂW ﬂ $EX   Yﬂﬃ	ﬁ 
Z!  !#"\[ ) ,](' &(.-&-3
^_@`"ab_I18?H?9	B(?Hc HB(8C?ﬁd;R@6(9&:@L&?@ef&H?8L(6&9&:ﬁN5H :?@?1f&?19(?19Qg5=	>&59(?197 ?19J<_9(9
>(H 89&I18>&8?1aCa&_6(7 5=J_7 8b@e f	?Hcb5ab:?9TSh38C?1H L&?8
P
8H BJ_L&?H"c Hji0?1B(?g5=	>&59(?197 ?3B(8C?3?1H@7?
DF(@7?=G?89&f(?18C7	_ab@Jk&8?1a_6&@ :?
P3l
f&a7K_6&cB(?1H	?18C9(?MmL(L(8CaB&6(9&:OB(?1H	?197@>(H ?1ef(?9(B(?19
g5=	>&59(?197 ?ﬁ=	R:aC8CefQ8b@71S;D5=	873L&8?17 ?173?@3@8CefM_9TK(B(8C?2g5=	>&59(?97?19O_6(c5L&?1H@7 ?1H
n"L&?19(?2=	87h_9(BMI16Q>(ab_I18C?1H ?19TS
n"H I1?16&:7$?89(?2g5=	>;59(?97?ﬁI16(Hn"H @7 ?1aCaC6(9&:28Cf(H ?1H$o=	>(aC?1=	?1978C?1H 6(9;:
P
?87 ?1H ?2g5=Gp
>&59(?197 ?19TK
P
8CH BﬁN?1H@6(ef7K1B(8?@?_6(cB(8C?$:aC?18Cef(?$DF(@7?=G?89(f&?18C7
P
8C?"B&8? L;?1H:?5H B(9&?17?
g5=	>&59(?197 ?ﬁI16Q>(ab_I18?H?9TSo @7$B(8C?@$9(8Ce f73=	R:aC8efK
P
8H BQ?18C9(?GDF(@7 ?1=	?18C9(f(?87_6;@ :?1p
P$l
f(aC71KB(8C?MB&?1HMDF(@7 ?1=	?189&f(?18C7JB(?1H L;?1H:?5H B(9&?17 ?19ﬂg5=	>;59&?197?O=	R:aC8ef&@7J9&_f(?
a8C?:71S
q?18C=r`"aC_I18C?1H ?19
P
?1H B(?19Mg5=	>;59&?197?9TKB(8C?2s_<7:?19&?1H_7 5H ?19QN?1H
P
?19&B(?19TK&:?@59(p
B(?1H 7$L&?1f;_9&B(?1aC71S(n@
P
8H BM@8ef(?H :?@7 ?1aCa7KB&_ B(8?ﬁN59QB(?1H3d;R@6(9;:@L;?@ef(H ?18CL(6(9&:2N5Hp
:?:?1L;?19(?9Qn"8b:?19&@ef&_cb7?9Q6(9(BMm3L(f
l
9&:8b:<?18C7 ?19QB(6(H efQB(8C?I6&:?
P
8?@?19&?19Ms_<7:?19(?1p
H _7 5H?9Q?1H c aCa7
P
8CHBS
t H2B(?1H_H 78b:?Jg5=	>&59(?197 ?19K;B(8C?	I16;@
l
7 I1aC8efE<?89(?J?1u>(aC8I87 ?19En"8C9&@ef(H
l
9(<6(9&:?19
c H"B(8C?3N?1H
P
?19&B(L&_H ?19Js_<7:?19(?1H_7 5H ?19	=J_ef(?19TK
P
8CH B	B(?1HI16	N?H
P
?19(B&?19(B(?s_<7:?1p
9(?1H_75HB;_B&6(H efOL&?@7 8C=G=G7K&B&_ =	_9OI16&?1H@7ﬁB(8C?JDF(@7?=	?189&f(?18C7?1H =	8C77 ?1aC71KT_6(c"B&?1H
B&_@"v"_7?H5Lwi0?1<7"B(?1H"L;?17 H_ef7 ?17 ?19Jg5=G>;59(?197 ?$>&aC_I18C?1H 7"8C@7Sv59GB&8?@?1H3DF(@7?=G?89(p
f(?18C7
P
8CH BAB&?1H	D7_9&B&_HBVs_<7 :?19&?1H_7 5H2?1H cbH _:726(9(BEB(8C?@?1H2B&_9(9EB(?1HGs_<7:?9(?1H_p
75H <5=	>;59&?197?QI16&:?
P
8C?@?19TS"h38C?1H B(6(H efV?1H H?8ef7G=J_9TKB&_ c H	g5=	>&59(?197 ?19x_6&c
?189&?1HﬁDF(@7 ?1=	?18C9(f(?18C7_aCaC?ﬁ6(9&@>;?1I18Cy(I18C?1H 7 ?19Ms_<7@8b:9&_a?2?18C9(?1=z?18C9(I18b:?19Ms_<7:?9(?1H_p
75H3?197 9(5=	=G?9
P
?1H B(?19TS&^8?@$N?H=	?18CB(?7$6&9(9(R7 8C:?GDF9&ef(H 59&8C@ _7 59;@@7 6(cb?19S
  
ﬀ 1ﬀ31.*,  $T )0*0ﬀ
m36 ?HB&?1=
P
?HB&?192B(8C?@?$gﬁ5=	>;59(?197 ?1929(8Cef789GB(?192?H @7 ?19	`ab_I18C?1H 6(9&:@B(6(H ef(a
l
6(p
cb?19OL&?1f;_9&B(?1aC71S;^8C?G`"ab_I18?H6&9&:	?1H cb5aC:7?1H@7K&9&_efMB&?1= _aCa?	g5=	>&59(?197 ?19O>(ab_I8?H7
P
6(H B(?19K"B&?1H ?19xo=	>(a?=	?1978C?1H 6(9&:A6&9&_L(f
l
9&:8C:AN5= :?
P$l
f(aC7 ?19ﬂs_<7J8b@71S$^8?@	8C@7
B&_B(6(H efE=	R:aC8efTKTB;_ ?89&?Jg5=	>;59(?97?K;B&8?JB&_I16V_6&c :?1cb5H B(?1H 7
P
6(H B(?KT8Cf(H ?Jo=	p
>(aC?1=	?197 8?H6&9&:QI6E?1H@7?aaC?19TKB(8C?@G_L&a?1f&9726(9&BE?18C9(?19V@>
l
7 ?1H ?19Eo=	>&a?1=	?197 8C?1H 6(9&:@p
I1?18C7 >(6(9(<7_9(cb5H B(?1H 71S
_ef(B&?1= B(8C?Js_<7:?9(?1H_75H ?19AI6&:?
P
8?@?9
P
6(H B(?19K
P
?1H B(?19EB(8C?Jgﬁ5=	>;59&?197 ?19
>(ab_I18?H7KB(?1H ?19Go=	>&a?1=	?197 8C?1H 6(9&:N59GB&?1HE_f(a(B(?1Hs_<7 @8b:9;_aC?3_L(f
l
9&:7Sk&6GB(8C?@?1H
gab_@ @?	N59Vg5=	>&59(?197 ?19V:?1f(RH ?19AIS qS"DF9&e f&H 59&8C@ _78C59&@<5=	>;59(?197 ?19TS	3= f(8C?1H
?18C9(?ﬁ5>(7 8=J_aC?ﬁo=	>(aC?1=	?197 8C?1H 6(9&:GB(6(H ef(c f&H?9QI16Q<R9(9(?19K=G6 cb?@7 :?@7 ?1aCa7
P
?1H B(?19TK
5LM7_7 @
l
ef(aC8efO6(97 ?1H@ef(8C?1B(aC8ef(?	s_<7 @8b:9&_a?	v?1H
P
?19(B(6&9&:	y(9(B&?19TS&o@7B&8?@9
l
=	a8Cef
9(8Cef73B(?Ht&_aaK&<_9(9M?18C9(?
P
?@?197 a8CefMH ?@ @56&He?19&@>&_H ?19(B(?H?2o=	>(aC?1=	?1978C?1H 6(9;:@N_H 8Cp
_97?G:?
P$l
f(aC7
P
?1H B(?9TS
Z$!  !  46290'#3 
^?1H	N?1H
P
?9(B(?17 ?O:a5L&_a?O4356&7?1HJ6(97 ?1H@7 7I17JB&_@	v?HaC?:?19xL&?a8C?1L(8b:?1HJ`5H7 7F>;?19TS
m36(efE<R9(9(?19V`5H 7@ L&?1HG8f&H?
	397 ?1H >;5H 7@ﬁN?1H L(6(9&B(?19
P
?1H B(?19TS^ﬁ_@2v"?1H a?:?19EN59
v?1H L(8C9(B&6(9&:?19Q=	8C7_L;@7H_<7?9M`5H 7 7F>;?19
P
8CH BQ6(97 ?1H@7 7I71S

L
P
5f(a$B&8?QL;?19(R78b:7?9M?1ef&_9(8b@=	?19VI16(= m36(R@?19V6(9(B3?6(N?1H a?:?19VL;?1H ?187@
N?1H a?:7 ?1H	v?HL&89(B&6(9&:?19V8=	>(aC?1=	?197 8?H7	@8C9(BTK=J_ef72B&?1H	4$56(7 8C9&:pm3aC:5H 87 f(=G6&@28C9
B(?1H3H ?_aC8C@8C?1H 7 ?19Mt(5H =zB&_1N59Q<?18C9(?19?1L&H _6(efS
Z$!  !
 ) &  &-3ﬀ0'&(.(93 $&-. 2  ﬀ23&-30 &-3
q?18TB(?1H3n"H@7 ?1aaC6(9;:2B(?1H3o=	>(aC?1=	?197 8?H6&9&:2B(?H3g5=	>&59(?97?19
P
?1H B(?19QB(8C?2v?1H c _f&H ?19
B(?1H"f(8C?1H_H ef(8b@ef(?19	q?@ef(H ?18CL(6&9&:36(9(BGB(?H"v?1H
P
?19(B(6&9&:3N592o=	>(a?=	?1978C?1H 6(9&:@ @>(H_p
ef(?19M6(97 ?1H@7 7 I17S
ﬂ8CH BMc H3B(8C?2o=	>(aC?1=	?197 8C?1H 6(9&:	?189&?2o=	>(aC?1=	?197 8?1H 6&9&:@ @>&H _ef(?2L;?196(7 I17K&@5	=G6
B(8C?2g5=	>&59(?97?ﬁ?89(?27?1u7 6(?1aCaC?2q?@ef(H ?18CL(6(9;:28Cf(H ?1Ht(6(9(<7 8C59Q=	8C73B(?19M87 7 ?1aC9QB(?1H
_6&@ :?
P$l
f(aC7 ?19Eo=	>(aC?1=	?197 8?H6&9&:@ @>(H_ef(?JL;?1H ?18C7 @7 ?1aCa?9TSq$?18$g5=	>;59&?197?9TKTB(8C?JaC?1p
B(8b:a8Cef L;?1H$cb?@7?ﬁo=	>(aC?1=	?197 8?1H 6(9;:?9JN?1H c :?9TK<_9(9JB(8C?@?ﬁq$?@ef(H ?18L&6(9&:289Mt(5H =
?18C9(?1H2^_7 ?18"_L&:?1aC?:72@?189S;^8?	g5=	>&59(?97?G=G6 B&_9(9Oc Hﬁ8f&H?Go=	>&a?1=	?197 8C?1H 6(9&:
96(H39(5efMB(8C?2:?1?18b:9&?17?G^ﬁ_7 ?ﬁH ?1cb?1H ?19&I18?H?9TS
o9VN8?1aC?19xt
l
aCaC?19V=26 _L&?1H	?18C9(?Qo=	>(aC?1=	?197 8?1H 6&9&:M?1H@7 ?1aaC7
P
?1H B(?19KB(8C?Q_6(cB(8C?
N5H:?:?1L;?19(?19M43_9(B(L;?1B(8C9&:6(9&:?19
P
8?ﬁB(8C?N?1H
P
?9(B(?17 ?19M`T5H 77F>&?9TK(m39(I_f(a;B(?1Hm3e1p
e1?@ @>;5H 7@T6&9(BG:?@?7I17 ?19	m$77 H 8CL(6(7 ?8C9	q?17 H_ef7I8?1f7Sh38C?1H"@7 ?1f(?19GB(?H"g5=	>&59(?97 ?K
B(8C?2_ab@

Lwi0?1<7$8C9QB(?1Hﬀ_1N_2B(?y(9(8C?1H 7$8b@71K&_aCaC?2D>(H_ef&=G8C7 7?a;B(8C?@?1HﬁD>(H_ef(?ﬁI16(Hv?1H p
c :6(9&:(K(6(=z?18C9(?2:?1?8C:9(?17 ?ﬁ7 ?1u7 6(?1aCaC?2q?@ef(H ?18CL(6&9&:GI16Q?1H@7 ?1aCa?19S
	397 ?1H@7 7 I17
P
?1H B(?19 89 B&?1HMN5H aC8?:?19(B&?19 43?_aC8b@8?1H 6&9&:EB&8?AI
P
?182o=	>(aC?1=	?197 8C?1p
H 6(9&:@ @>(H_ef(?19ﬂﬁﬃﬀﬃ c HQB(?9 D5cb7
P
_H ?1L&?H?8ef 6(9(Bﬂﬁ$h^ﬁd c HQB(?19 q?1H ?18Cef B(?1H
h_H B
P
_H ?1L;?@ef(H ?18CL(6(9&:(S

  +**+) 1210*01 *0  
 	  	 ﬀ 
 ﬂ ﬂ 
	 ﬀ 
 $
^38C?$N5= q$_@8C@ @F(@7 ?1= L;?1H ?18C7 :?@7 ?1aCa7 ?1= `T5H 77F>&?92I?18C:7q8aCB(S Sﬂ8?$L;?1H ?18C7 @?1H a
l
6(p
7?1H 7K&N?Hc :7 i0?1B(?1Hﬁ`5H7 L;?1HB&_@m$77 H 8CL(6(7o@ O_@7 ?1HK&B&_@_9;:8CL(7K&5LOB(?1H i0?
P
?18aC8b:?
`T5H 73_aC@$o9&87 8b_7 5H$?18C9(?1H3o9&cC5H =J_78C59&@ L;?1H 7H_:6&9&:G_6(cb7 H 87 7S(^ﬁ_@$c f(H 7$B;_I6TKB&_ ?@
c Hji+?B(?19J`5H 77F>	I
P
?18&v_H 8b_97?19Q:8CL(7S^38C?3?18C9(?@7 ?1aCaC7"B(?9	o9&87 8C_7 5H1KB(8C?_9(B(?H?B(8?
3?:?19;@7?1aCaC?JB&_HS"h_9(B(?a7G?@	@8efVf(8C?1H L&?18$6&= `5H 7 7F>;?19TKB(8C?
P
?18C7 ?1H ?
	397 ?1H >;5H 7@
@>&?1I18Cy(I18C?1H ?19K8b@7B&8?2k&6&5H B(96&9&:ﬁB&?1H$o9(8C7 8C_7 5H cb6(9&<78C59JL&?8&L;?18CB(?19Qv_H 8b_97 ?19Q:?19;_6
?197 :?:?19;:?@?7I17S
o9Mq$8aCB(S 28C@73B(8C?2^_H@7?aaC6(9&:	@5	:?
P3l
f&a7KB;_ B(8C?2m36&@>(H
l
:6&9&:2B&?1H	397 ?1H >;5H 7@
@5	_9&:?:?1L&?19Q8b@7K
P
8?2@8C?ﬁB(?1H3o9(8C7 8C_7 5H N_H 8b_97 ?ﬁB(?@3`5H 7@7F>;@?197@>(H 8Cef71KB&?1H$B&8?@?
	397?H>;5H7@;?HI?16&:71Sm3aaC?f(8?HTN?1H
P
?19&B(?17 ?19G`T5H 7 _B&_>(7 ?1H"@7 ?1aCaC?19Gk&6&@ _7 I1>&5H 7@;c H_aCa?
	397?H>;5H7@B(?1H i0?
P
?18aC8b:?9Q`T5H 7 7F>&?9JL&?H?87$6(9(BJ?Hab_6(L&?9Q@5=	8C7B&8?ﬁg2_@<_B(8?H6&9&:
B(?1H`5H 7_B&_>(7?H1S
^8?2?1H@7 ?H 6(>(>;?ﬁB(?1H6(97 ?1H@7 7 I17 ?19O`T5H 7 7F>&?9TK(B(8C?2q$_@8b@>&5H 77F>&?19K(H?_aC8b@8?1H ?19
B(8?3?18C9(c _ef;@7?19 MR:aC8ef(<?18C7 ?19TKo9(cb5H =J_7 8C59&?19GI6 L;?1H 7H_:?19TS^3?H`T5H 77F> ﬁ597H 5a
7H_9&@>&5H 7 8?1H 7?18C9(?L&89
l
H ?3D7?16&?1H 89&cC5H =J_78C59TK
P
5L&?8B&?1H ?192o97 ?1H >(H ?17_78C592B(6&HefGB&_@
m7 7 H 8L(6&7$m3e17 8N?D7_7 ?3cb?@7:?a?:7
P
8CH BTS^3?H A?1H 7B(8C?@?@m$7 7H 8CL(6(7 ?@:8CL(7$_9TK
P
?1aef&?1H
L&?H"B(?19J`T5H 7 L;?1H 7H_:?19(? A?H7_ab@"_<78CN?1H$k&6&@7_9&BGI16	8C97 ?1H >(H ?17 8C?1H ?19G8b@7Sn@<R9(p
9(?19MB(8?A?1H 7 ?2h38b:fTK&d;5
P
6(9(BOn"B&:?
*
_9&:?:?L&?19
P
?HB&?19TS&^?1H3L;?1H ?187:?@7 ?1aaC7 ?2`5Hp
7 _B&_>(7 ?1H2?1H =	R:aC8ef72?@1K;?18C9(?Jm39&>&_@ @6&9&:QI
P
8C@ef(?19V`T5H 77F>&?19EB(6(H ef(I16(c f(H ?19TKTB(8?
c Hm3e78CN?D7_7 ?36(97 ?1H@ef(8C?1B(aC8ef(?A?H7 ?_6(c
P
?8C@?19S^8?@"8b@7_aaC?1H B(8C9&:@96&H"=	R:a8CefTK
cb_aCaC@"<?89&?1H"B(?1H_9(I6(>&_@ @?19(B(?9	sF>&?19	B(?19 A?1H 7n"B&:?3_ab@"m$7 7H 8CL(6(7
P
?1H 7"N?1H
P
?9(B(?17S
ﬁ597H 5aC`"6&aC@?1BV@7 ?1aCa7G?1L&?19&c _aCab@ﬁ?18C9EL(8C9
l
H?@GD7 ?16(?H @8b:9&_aB&_HK
P
5L;?18?18C9V_<78CN?1H
k(6;@7 _9(BxB&_B(6(H efx_9&:?1I1?18b:7
P
8CH BTK"B&_ B&?1HJ`5H 7	L&?8= m36(cb7 H ?17 ?19V?18C9(?1H	>;5@87 8N?19
tTab_9(<?ﬁB&?@$I16;:?5H B(9&?17 ?19Os_<7 ?@3?189&?19Oh38C:f(p`T?:?1ac f(H 71S;n"89O_<78CN?@D8C:9&_a
P
8CHB
L&?18 i0?1B(?H	>&5@87 8CN?9xtaC_9(<?O_ab@G9(?16&?Qo9(cb5H =J_78C59x:?
P
?1H 7?71K@5AB&_ ?18C9V?18C9(I1?a9(?@
^_7 6(= =J_u8C=J_a
P3l
f(H ?19(BV?89&?1HJs_<7 >;?1H8C5B(?O_9&a8C?:?19VB;_H cS^38C?Ok&6(5H B(96(9&:OB(?@
L&?19&R7 8b:7 ?19Es_<7?@ﬁ:?@ef(8C?1f7ﬁB&_B(6(H efTKTB&_ 8= ﬁa5e<O_@7 ?1HGm7 7 H 8L(6&71KTB(8?	c H2B(8?
n"HI?16&:6(9&:EB(?@Qs_<7 @8b:9;_aC?@JI6&@7
l
9(B&8C:?Es_<7:?19(?1H_75H pg5=	>;59&?197?E_9&:?:?L&?19
P
8CH BTS
^?1H3I16&:?1f&RH 8b:?G`5H 7_B&_>&7?H:?@7 _7 7?173B&8?Gm39(>&_@ @6(9&:?19MI
P
8C@ef(?9M`5H7@1K(B(8C?ﬁI16
6(97 ?1H @ef&8?1B&a8Cef(?19Ms_<7?19M@F9(ef(H 59Q@8C9(BTS(^?1H3`5H7_B&_>(7 ?1H3@7 ?1aaC7$I16&@
l
7 I1aC8ef(?2`5H 7@
L&?1H ?18C7S3L&?Hﬀﬁa5e<

6(73<_9&9O_6(c"B&_@3s_<7@8C:9&_aTI6&:?:H 8&?9
P
?1H B(?19K(=	87B(?1=rB(8?
o9(cb5H =J_7 8C59M_9;:?a8C?1cb?1H 7$L(I
P
S L;?1Hﬁa5e<o9Q?18C9Qs_<7$N5H:?:?1L&?9
P
?HB&?19TK=	87$B&?1=
897 ?1H 9J_6&c&B(8C? L&?1H 7 H_:?19(?3o9&cb5H =J_78C59GI6&:?:H8&?9
P
?1H B(?19J@5aaS^8?m3B&_>(7 859	6(9(B
B(8?Gq?f&_9(B(aC6(9&:GB&?@ﬁaC5e<M_@7 ?1Hm$7 7H 8CL(6(7@
P
?1H B(?19MB&_9(9MB(6(H efMB(?19O`5H7_B&_>(7 ?1H
N5H:?19(5=	=G?9TS
^?1Ha?7I17 ?$`5H7 7F>	_6;@;B&8?@?H H 6(>(>;?8b@7"^ﬁ_7_Sh38C?1H
P
8H B2aC?1B(8b:a8Cef2?18C9(??18C9(I1?a9(?
L(89
l
H ?2o9(cb5H =J_7 8C59M7H_9&@>;5H 7 8?H7S
2
A4 RRC>Y:PK=AH>4 ;6F>K>6 Y>>74 J@>Y:6?[#67>Y:
65K?L894 7::K=9F4 ?PKUPKU = KD>=4 ?PKUJ6IK?:6U >L89<J64
:4 65GP<=4 >4 ;65B U K?D6CKU =AKD>4 ;65B U K?D65JP6?@>N>98A4 7:PO
  
ﬀ 1ﬀ31.*,  $T )0*0ﬀ
<ActiveState>
Control (C)
<ClockMaster>
ControlPulsed (CP)
Data1 (DA1)
<Datatype>
DataSimple (DS)
Data (DA)
<Datatype>
<Transportwidth>
<ClockMaster>
DataNvRdSync 
(DNRS)
_Data {DS}
_NewValue {CP}
_Ready {CP}
_D0 {DATA 1}
_Dn {Data1}
.
.
.
<Datatype>
<Transportwidth>
<ClockMaster>
DataNvSync 
(DNS)
_Data {DS}
_NewValue {CP}
DataControlledSync 
(DCS)
<Datatype>
<Transportwidth>
<ClockMaster>
DataBlockNvRdSync 
(DBNRS)
_Data {DCS}
_NewValue {CP}
_Ready {CP}
<Datatype>
<Transportwidth>
<ClockMaster>
DataBlockNvSync 
(DBNS)
_Data {DCS}
_NewValue {CP)
DataBlockSync 
(DBS)
 Basisporttypen
 Datenporttypen
<StartUsed>
<ReadyUsed>
<FinishedUsed>
<ClockMaster>
FunctionSync 
(FS)
[_Start {CP}]
[_Ready {CP}]
[_Finished {CP}]
 Funktionsporttypen
ReadDataFuncSync 
(RDFS)
_Data {DA}
ReadDataAdrFuncSync 
(RDFS)
_Data {DA}
_Addr{DA}
WriteDataFuncSync 
(WDFS)
_Data {DA}
WriteDataAdrFuncSync 
(WDAFS)
_Data {DA}
_Addr{DA}
ReadBlockFuncSync 
(RBFS)
_Data {DBS}
WriteBlockFuncSync
(WBFS) 
_Data {DBS}
Name {Porttyp} Port (Datensenke) Name {Porttyp} Port (Datenquelle) [Name {Porttyp}] optionaler Port 
<Datatype>
<Transportwidth>
<ClockMaster>
DataBlockSimple
Sync (DBSS)
_Data {DCS}
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